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7. Geochronology and Isotopes 
The Browns Creek deposit was once thought to be a typical example of Silurian 
mineralisation located on the Bathurst 1:250,000 sheet. However, in the 1990's, 
some researchers believed that all mineralisation in this area, including that at the 
Browns Creek deposit, was sourced from the Ordovician. This extreme belief 
intiated the dating work performed as part of this thesis. Ages were measured using 
the Sensitive High mass Resolution Ion Micro-Probe (SHRIMP), utilising the U-Th-
Pb decay system on zircons sourced from intrusive rocks at the mine. These 
intrusive rocks were the Carcoar Granodiorite and two samples from the Mine Dyke 
Group. The Mine Dyke Group was selected because it is the intrusive phase that is 
associated with mineralisation. Thus, a date for the dykes would give a date for the 
mineralisation event. The Carcoar Granodiorite was then dated as the ages obtained 
for the two Mine Dyke Group samples were substantially older than any other 
previously determined for the Browns Creek deposit. This dating suggests that the 
deposit was formed between 0 to 7 Ma after the emplacement. of the Carcoar 
Granodiorite. 
7.1 Previous Studies 
The Browns Creek deposit has been dated previously using a variety of isotopic 
measurements, including 40Ar/39 Ar, K/Ar and Rb/Sr (table 7.1). There has been 
some general agreement in age determinations by these methods, as can be observed. 
Perkins et al (1995a) place the age of mineralisation at 425 ± 9 Ma (2cr), presumably 
based on the age determined from the metamorphic biotite and amphibole. However, 
this assumes that the mineralisation is associated with skarn alteration of the host 
rock. Further, they add that the preferred age for the intrusive host, determined by 
dating hornblende in the Long Hill Diorite is 418.9 ± 2.8 Ma (2cr). Obviously there 
is a discrepancy between the age of the intrusive and the mineralisation that can only 
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be accommodated by the error margms of each date. All dating that had been 
previously performed placed the deposit within the Middle to Late Silurian, a widely 
accepted timeframe. 
Unit Method Mineral Date(± 2a) Reference 
Long Hill D iorite ~vAr/'7 Ar Hornblende 418.9 ±2.8 Perkins et al, 1995a 
Ma 
Carcoar Granite ~vArr' Ar Hornblende 416.2 ± 2.2 Perkins et al, 1995a 
Ma 
Basaltic dyke qvAr/'7 Ar Metamorphic/alteration 426.9 ± 0.6 Perkins et al, 1995a 
biotite Ma 
Basaltic dyke qvArr~ Ar Metamorphic/alteration 423.6 ± 1.0 Perkins et al, 1995a 
biotite Ma 
Basaltic dyke qvArr~ Ar Metamorphic/alteration 424.4 ± 1.0 Perkins eta!, 1995a 
hornblende Ma 
Microdiorite K/Ar Hornblende 423 ± 12 Ma Perkins, 1995b 
Skarn .. vAr/'7 Ar Alteration biotite ~407 Ma Perkins, 1995b 
Carcoar .. vAr/'7 Ar Biotite 414 ± 8 Ma Chivas, in Perkins 
Granodiorite et al, 1995a 
Carcoar •vArr Ar Biotite 4 13 ± 8 Ma Chivas, in Perkins 
Granodiorite et al, 1995a 
Care oar Rb/Sr Biotite 407 ± 4 Ma Lennox eta/, 1998 
Granodiorite 
Table 7.1- Summary ofprevtous dates obtamedfor the Browns Creek depostt area. 
7.2 Current Research 
The previous dating has focussed on isotopic measurements on ainphiboles. This 
study has shown that there is a substantial amount of secondary amphibole present 
throughout the host lithologies. There is a distinct possibility that the previous work 
may have dated a later thermal event, as determined by the secondary amphiboles. 
This may be related to the intrusion of the Post-Mineralisation Intrusive of the 
Browns Creek Intrusive Complex. As the name suggests, this body has intruded after 
the mineralisation has been formed. It has not been dated and may have intruded in 
the Middle to Late Silurian. This would account for the ages listed in Table 7. 1. 
For this reason, dating performed as part of this study was focussed on zircons as 
they are somewhat resistant to secondary alteration and have a very high closure 
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temperature. The analyses were performed on the SHRIMP at the Research School 
of Earth Sciences at the Australian National University. Three samples were chosen 
for the dating of the Browns Creek deposit. 
• A granitic dyke, a member of the Mine Dyke Group that is located away from 
the high-grade ore (sample NH29). This sample was selected as it was unaltered 
and zircons were visible in petrographic observation. 
• A granitic dyke, another member of the Mine Dyke Group that crosscuts the late-
stage high-grade ore (sample NH43). This sample was chosen after an age was 
found for sample NH29. This would either confirm or deny the controversial age. 
This dyke would also give a minimum age of mineralisation. 
• A sample of Carcoar Granodiorite located from drill core (DEX 1, 198.37-
199.26m) (sample NH48). It was decided to date the Carcoar Granodiorite as the 
two ages obtained for the Mine Dyke Group were considerably older than 
previously determined ages for the granodiorite. 
However, after these age determinations were made, another SHRIMP age of 435 ± 
4.6 Ma was obtained for the Carcoar Granodiorite (P. Lennox, pers. 90rnm., 1999). 
7.3 Mine Dyke Group (NH29) 
In order to acquire a date for the mineralisation event at the Browns Creek deposit, 
the Mine Dyke Group was targeted. From the outset of the investigations into the 
deposit, the dykes were anticipated to be related to the mineralisation. Numerous 
researchers had previously dated the Carcoar Granodiorite. The dates obtained 
ranged from 416.2 ± 2.2 Ma to 407 ± 4Ma (table 7.1). Apart from the discrepancy 
between the age of the mineralisation and the intrusion, there was no need to doubt 
the ages determined. 
Sample NH29 was sourced from a granitic dyke located on the 1 0450RL level 
(4037.25mE, 24726.9mN). The dyke clearly post-dates the skarn alteration and 
mineralisation. An age on this dyke would give a minimum age constraint for the 
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mineralisation. It would also give a period of time within which the deposit formed, 
in conjunction with those ages previously determined for the Carcoar Granodiorite 
(which pre-dates the ore). The sample is unaltered (figure 7.1) and zircons are visible 
in thin section. This indicates a high yield of zircons after mineral separation. 
Abundant euhedral zircons were recovered, ranging in size up to 1 OOJ.tm. 
Figure 7.1 - Photo of hand sample ~;Jl 
NH29. ~ 
A total of sixteen zircons were analysed for U-Th-Pb content for age determinations. 
Some of the crystals contain inherited cores. Two such cores were sampled, giving 
ages of ~560 Ma and ~2150 Ma. These dates are consistent with detrital zircon 
derived from Ordovician flysch in southeastern Australia (1. Williams, pers. Comm., 
1998). The cores indicate that there is a small component of sediment in the Mine 
Dyke Group magma. As this was not the intent of the study, no furthelf cores were 
sampled. 
Figure 7.3 shows the plots of apparent Pb!U ages for the fifteen spots analysed on 
the zircons (excluding the core material). These ages range from 466 to 414 Ma. 
Two points were rejected as outliers, leaving thirteen points for age determination. 
These remaining analyses showed only minor scatter. The weighted mean radiogenic 
206PbP 8U is 0.06898 ± 0.00037 (cr). This gives an equivalent age of 430.0 ± 5.4 Ma 
(95% confidence) when an additional 0.26% is added for uncertainty in ealibration. 
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7.4 Mine Dyke Group (NH43- first batch) 
The first age that was obtained is considerably older than any other determined for 
any ofthe rocks associated with the Browns Creek deposit. Thus, a second dyke was 
chosen to cross-reference the first date. This sample (NH43) is an alkali feldspar 
granite (figure 7.4) and was sourced from a narrow dyke located in the 10577RL 
level (3990.5mE, 24887.5rnN). This dyke clearly crosscuts the late-stage sheeted 
vein ore and again would give a younger limit of mineralisation. This dyke is typical 
of the dykes that are associated with the later stage of mineralisation. These dykes 
appear to be syn-mineralisation. 
F;gure 7. 4 - Phcto of hnnd sample of I 
NH43. Scale bar is 1 em. 
The zircons in this sample are of great interest. The crystals are consistently small 
(up to 50 ~m) and low in abundance. All crystals are euhedral with no inherent 
cores, indicating an igneous source. However, the internal structure ofthese zircons 
is unique. They display a form of growth zoning called sector zoning (or hourglass 
zoning), that is clearly visible under a transmitted light microscope (figure 7.5). This 
occurs when foreign atoms (such as uranium and thorium) are trapped during crystal 
growth. These trapped atoms are visible as growth bands that reflect the shape of the 
crystal at that stage. It is believed that each face of a crystal prism is predetermined 
to adsorb differing elements. For example, the {100} growth sectors incorporate 
greater concentrations of uranium and yttrium than the { 110} face. Sc~ctor zoning 
relates to the rapid growth of the { 100} face that readily incorporates foreign atoms 
(Benisek and Finger, 1993). The implications of sector zoning are still not 
understood. However, in many cases it is related to zircons sourced from relatively 
7. Geochronologv and Isotopes 
cooled mafic igneous rocks. 
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Figure 7. 5 - Back-scatter electron 
microscope image of a zircon from NH43, 
displaying ''hourglass zoning". Length of 
zircon is 50 microns. 
Figure 7. 6- Diagram showing 
common faces and crystal forms of 
zircon in two settings rotated at 45" 
against each other (Vavra, 1990) 
The analysis of the zircons from NH43 proved problematic. Initial analyses revealed 
extreme uranium and thorium contents (> 10,000 ppm), particularly within radiation 
damaged areas of the grains. Such high values jndicate that the zircons have 
crystallised from residual fluid that has been derived from a fractionating body of 
magma. Zircons with these values cannot be used for accurate age determinations as 
they are prone to late isotopic disturbance and also such high values can perturb the 
S.H.R.I.M.P. analyses. The preferable upper limit on uranium and thorium content is 
3000 ppm. All zircons that were recovered from the crushed sample were analysed, 
in a total of 21 spots. Only five of these analyses fall within the preferred 
compositional range. Four other spots are marginal (uranium content 3000 - 3200 
ppm) and are included in this age determination. 
Accordingly, there is a wide spread in the apparent Pb/U ages, from 489 - 424 Ma 
(figure 7.7). Approximate corrections for the high uranium contents were made on 
these analyses, based on analyses on other high uranium samples of known ages (I. 
7. Geochronology and Isotopes 
0.064 f- .0 Q. 
<0 
0 
.,._ 
.0 
0.062 Q. ,.._ 
0 
"' 
0.060 
0.058 
0.056 
0.054 
0.052 
0.050 
0.048 L 
12.0 
-+-- Concordia 
+ Uncorrected 
X 204 corrected 
0 204 and U corrected 
I l 
12.5 13.0 13.5 14.0 
Browns Creek NH43 
(batch 1) 
437.6 ± 7.0 Ma 
410 400 
14.5 15.0 '15.5 
Figure 7. 7- Plot of apparent Pb/U ages for NH43 (batch/) . 
160 
16.0 
Williams, per. comm., 1998). After this correction, two outliers were removed and 
the age was determined on a total of seven analyses. The weighted mean radiogenic 
206PbP8u is 0.07025 ± 0.00029 (cr) . This is equivalent to an age of 437.6 ± 7.0 Ma 
(95% confidence), with an allowance of0.53% is made for calibration uncertainties. 
7.5 Mine Dyke Group (NH43- second batch) 
The results obtained from the second SHRIMP date on the Mine Dyke Group are 
disappointing due to the large uncertainty. The heavy mineral concentrates were 
picked over again and another 35 grains were found. The zircons have the same 
characteristics as those from the first batch, as would be expected. This included the 
obvious sector zoning and high uranium and thorium concentrations. However, ten 
spots were analysed that had uranium contents low enough to obtain a reasonable 
estimate on the age of the dyke. Figure 7.8 shows that while dispersion is still a 
problem (apparent ages of 459- 426 Ma), it is not to the same extent as in the first 
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batch. One outlier was removed and the remaining analyses give a weighted mean 
radiogenic 206PbP38U of0.06936 ± 0.00029 (cr). This is equivalent to an age of 432.3 
± 4.9 Ma (95% confidence) with an allowance of 0.28% made for calibration 
uncertainties. This age is indistinguishable from the previous age determination for 
this sample. However, it is the preferred age as it is more precise. This age is also 
within the uncertainty margins of the first sample (NH29) and supports the Early 
Silurian age determined. 
7.6 Carcoar Granodiorite (NH48) 
The ages determined on both samples of the Mine Dyke Group proved to be 
considerably older than any other age previously obtained for any of the Browns 
Creek deposit host lithologies. Crosscutting relationships shows that the Carcoar 
Granodiorite must be syngenetic with or pre-date the Mine Dyke Group. This is not 
consistent with the pre-existing dates that have been determined. Thus, a sample of 
the Carcoar Granodiorite was dated using the U-Th-Pb technique on zircons. 
Hgure 7. 10- Photo of hand sample of I 
NH48. 
The sample of Carcoar Granodiorite chosen (NH48) was sourced from drillcore 
(DEX 1, 198.37-199.26m) (figure 7.10). This intrusive body is the same that is 
mapped throughout the deposit as the Carcoar Granodiorite however, previous 
workers prefer to classify this as the Long Hill Diorite. The sample is unaltered and 
contains no mineralisation. Zircons were abundant throughout the crushed sample 
and ranged in size up to 200 f...tm. The crystals are euhedral, clear and glassy. There is 
no observed sector zoning and few inclusions. Cathodoluminescence showed simply 
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zoned grains with few cores. The cores were not analysed as the object of the 
analysis was to determine an age for the Carcoar Granodiorite. 
Figure 7.11 shows that apparent ages measured for each of the nine analyses. There 
are no outliers in this sample and all compositions are concordant. The weighted 
mean radiogenic 206PbP38U is 0.06905 ± 0.00028 (cr), which is equivalent to an age 
of 430.4 ± 4.7 Ma (95% confidence). This has an allowance of 0.28% f()f calibration 
unce11ainties. This date is indistnguishable from that obtained by P. Lennox (pers. 
comm. 1998) of 435 ± 4.6 Ma. 
7.7 Summary of Dating Results 
The summary of the results obtained as part of this study is: 
Unit Sample# Location Date 
Mine Dyke Group NH29 10450RL 430.0 ± 5.4 Ma 
Mine Dyke Group NH43 (batch 2) 10577RL · 432.3 ± 4.9 Ma 
Carcoar Granodiorite NH48 DEXI (198.37 - 430.4 ± 4.7 Ma 
199.26m) 
Estimate of age of (weighted mean of 3 43ll ±3 Ma 
mineralisation results) 
Table 7.2 -Summary of datmg results. 
Considering the uncertainties of the dates obtained, the three intrusives are all within 
error margins of each other. However, given the relatively large uncertainties, an age 
difference of up to 7 Ma between the Carcoar Granodiorite and the Mine Dyke 
Group would not be detectable. The recent age obtained by Lennox (pers. comm. 
1998) of 435 ± 4.6 Ma corroborates the ages obtained in this study. 
The mineralisation at the Browns Creek deposit has formed between the intrusion of 
the Carcoar Granodiorite and the intrusion of the Mine Dyke Group. Given these 
two dates, an estimate for the age of mineralisation can be obtained using a weighted 
mean of the three results obtained. This gives a date of 431 ± 3 Ma. It is noted that 
this date is within error of the estimate stated by Perkins et al. (1995a) of 425 ± 9Ma. 
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However, the other age determinations of the intrusive phase at the Browns Creek 
deposit are too young (by about 15 Ma). These ages place the intrusions in the 
Middle to Late Silurian. The zircon dating performed as part of this study places the 
intrusions within the Early Silurian. This has implications on other intrusives in the 
area that have also been dated by other isotopic measurements, such as the Barry 
Granite and Sunset Hills Granite. These two intrusives bodies were believed to be of 
similar age to the Carcoar Granodiorite. As the date for the latter has now been 
extended by about 15 Ma, the other two intrusives may be older than originally 
thought. 
7.8 Sr- Nd Isotopes 
In her thesis, Kjolle (1997) performed Sr and Nd isotopic anlysis on the Carcoar 
Granodiorite, the Long Hill Phase and two samples of porphyry dykes (assumed 
here to members of the Mine Dyke Group). All samples were sourced from the open 
pit. Table 7.3 shows the results of this analysis, recalculated to the new preferred 
magmatic age of 431 Ma. Kjolle noted that the Long Hill Phase and the porphyry 
dykes fell into one group in Sr-Nd space, apparently distinct from the Carcoar 
Granodiorite. Kjolle (op. cit.) concluded that the Long Hill Phase and Carcoar 
Granodiorite were distinct magmas, although conceding that the isotopic data was 
the only line of evidence to support this conclusion. 
Sample No. RIK5 RIK51 RIK52 RIK66 
Unit LHD LHD LHD LHD 
87Sr/86Sr (m) 0.705788 0.706333 0.706096 0.705463 
Rb 25.8 33 36.5 20.2 
Sr 421.6 350.8 411.6 423.3 
Sr86 40.77625249 33.92681842 39.80787419 40.94 197478 
Rb87/Sr86 0.1 76086314 0.270697355 0.25517439 0. 137307984 
T 431000000 43 1000000 431000000 43 1000000 
Sri 0.7047 0.7047 0.7045 0.7046 
Nd 12.25 11 .48 10.98 9.84 
Sm 2.71 2.47 2.46 2.28 
143Nd/144Nd (m) 0.51249 0.51249 0.51 259 0.51 2527 
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147Sm/144Nd 0.1338 0.1302 0.1353 0.14 
143/144Nd i 0.51211 0.51212 0.5122 1 0.512 13 
&Nd 0.57 0.77 2.44 0.95 
t MA (DM) m.y. 1078 1036 921 1091 
Sample No. RIKJ RIK53 RIK68 RIK69 
Unit CG CG Por. Dyke Por. Dyke 
87Sr/86Sr (m) 0.71534 0.711329 0.705961 0.70691 
Rb 107.9 84.7 9.82 13 
Sr 216.2 278.3 515.6 251 
Sr86 20.89087814 26.90199733 49.86688785 24.27351973 
Rb87/Sr86 1.437401042 0.87621784 0.054804022 0. 149047194 
T 431000000 431000000 431.000000 431000000 
Sri 0.7065 0.7059 0.7056 0.706 
Nd 18.82 18.66 9.52 8.22 
Sm 3.96 3.94 2.27 1.97 
143Nd/144Nd (m) 0.51214 0.51219 0.51249 1 0.5 1251 4 
147Sm/144Nd 0.1272 0.1277 0.144 0.1448 
143/144Nd i 0.51178 0.51183 0.51 208 0.5 1211 
&Nd -5.9 -4.95 0.03 0.43 
t MA (DM) m.y. 1563 1491 12 16 11 84 
. . Table 7.3 - Isotope measurements and calculatwns. lmtwl measurements from K.Jolle (1997). See 
Appendix 3 for full details. 
There is an obvious range in values for the recalculated isotopes. '(he values range 
from rather primitive (eNd > 0 and Srinitial< 0.705) for the Long Hill Phase to rather 
evolved (eNd < 0 and Srinitial> 0.705) for the Carcoar Granodiorite. The two 
porphyry dykes have values that are on par with the Carcoar Granodiorite for Srinitial 
and similar to the Long Hill Phase for eNd. The Srinitial data for the dykes has 
probably been compromised by alteration as they have lower whole rock Rb than 
expected and higher whole rock Sr, particularly sample RIK 68. 
Figure 7.13 shows the plot of eNd versus Srinitial for the Silurian intrusives and 
Orodovician turbidites of the Lachlan Fold Belt. On this plot are the results of 
Kjolle' s (op. cit.) isotopic analyses. The samples ofthe Long Hill Phase plot close to 
the most unevolved end of the I-type range. The Carcoar Granodiorite samples plot 
with more isotopically evolved I-types, near the zone of overlap with S-type 
granites. As previously noted, there is a considerable range in the isotopic values of 
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the intrusives that are part of the same intrusive complex. 
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These results can be used to suggest two models for the formation of the Long Hill 
Phase and the Carcoar Granodiorite. 
1) The Long Hill Phase and the Carcoar Granodiorite represent two istopically 
different and distinct magmas. This is the conclusion ofKjolle (op. cit.). 
2) The Long Hill Phase and the Carcoar Granodiorite are phases of the same magma. 
However, the isotopic contrast is a product of assimilation/contamination during 
differentiation and emplacement, specifically in the case of the the Carcoar 
Granodiorite. 
The second model is the preferred one for the Browns Creek Intrusive Complex. 
This thesis has shown that the Long Hill Phase and the Carcoar Granodiorite are 
essentially the same age. In addition to this, the two intrusives show transitional 
petrographic and compositional variations. The intrusives are also intimately 
associated with each other in the field. 
Isotopic evidence for the second model can be seen in figure 7.14, which shows the 
plots of sNd and Srmitiai values with whole rock differentiation parameters Si02 and 
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FeO* + MgO. A trend is evident between increasing differentiation and more 
evolved isotopic values. In the case of the altered dykes, these have had Rb removed 
and in one case (RIK 68), Sr significantly increased. Whole rock geochemical 
analysis of RIK 68 produces a lower abundance of Br (386 ppm) which is more 
compatible with the postulated occurrence of this sample on figure 7.14. Even 
allowing for this, the Srinitial values are still elevated comparatively. This may reflect 
hydrothermal alteration, resulting in the exchange of Rb and/or Sr with the wall 
rocks. The overall variation evident for unaltered samples is consistent with the 
magmas becoming isotopically more evolved with increasing silica content (i.e. 
decreasing FeO* + MgO). 
The preferred model to explain the significant variation m radiogenic isotopes 
requires a highly evolved end member with which the ascending magma interacts. 
Figure 7.13 shows that the Ordovician turbidites adequately provides the end 
member. Assimilation/contamination with this material would result in shifts of the 
magma isotopic composition. SHRIMP dating of zircons of the Carcoar 
Granodiorite and the Mine Dyke Group revealed inherited cores in two of the 
samples. One lot of cores were analysed and this showed that the cores were 
originally detrital zircons. The ages obtained for these cores were consistent with 
detrital zircons within the Ordovician flysch in southeatern Australia (I. Williams, 
pers. comm. 1998). This is direct evidence for crustal contamination of the 
ascending Carcoar Granodiorite and various dykes of the Mine Dyke Group. 
7.9 Pb Isotopes 
Lead isotopes were also investigated by Kjolle (1997). The isotopic measurements, 
performed on alkali feldspars, were indistinguishable between the Long Hill Phase 
and Carcoar Granodiorite. However, Pb isotopes for the 1-type · gnmites of the 
Lachlan Fold Belt are extraordinarily similar, a feature which has yet to be 
investigated. So, the similarity in Ph-isotopes between the Carcoar Granodiorite and 
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Long Hill Phase cannot be used to infer a genetic link (see Carr et al., 1995; 
McCulloch and Woodhead, 1993). 
Lead isotope data for the igneous rocks was also compared with ore galenas. All 
samples were found to fall on a mixing isochron between the Lachlan Fold Belt 
crustal and mantle growth curves corresponding with a model age of 430- 435 Ma 
(figure 7.15). This is consistent with the dates obtained by U-Th-Pb dating 
performed on the Carcoar Granodiorite and Mine Dyke Group. 
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8. Discussion 
Several critical factors contribute to the genesis and complex nature of the Browns 
Creek orebody. Structural preparation and continued structural movement were the 
most influential factors. This facilitated the emplacement of the intrusives (the 
Browns Creek Intrusive Complex). As well, it acted as a conduit for hydrothermal 
fluids from the cooling magmas. Major advances in understanding the genesis of the 
deposit have resulted from observing the intrusive relationships within the Browns 
Creek Intrusive Complex and from conducting uranium-thorium SHRIMP dating on 
available zircons within selected dykes and intrusives. The mineralisation at Browns 
Creek deposit is 15 million years older than previously thought, placing it in the 
Early Silurian. The dating also constrained time limits of the mineralisation, 
resulting in a maximum of seven million years to form the entire deposit. From all 
observations, a concise genesis is now proposed. 
New results from this study allow the geological evolution of the Browns Creek gold 
deposit to be further refined. These new inputs include:-
• new SHRIMP dates that bracket the ages of intrusion and mineralisation; 
• recognition and recording of the Mine Dyke Group and their importance to 
mineralisation; 
• reinterpretation of intrusive relationships and petrography; 
• classification of the structural components of the deposit; 
• new developments in understanding the local stratigraphy. 
Using these new results, a more detailed model of ore genesis can be constructed, 
which has implications for regional exploration. 
8.1 Previous Models 
Several models of formation have been proposed by varymg researchers of the 
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deposit. The following is a brief outline of the main theories. 
8.1.1 Outline ofPrevious Models 
One of the earliest and possibly most controversial models was proposed by 
Bowman et al (1977). This report classified the deposit as volcanogenic. They 
described the ore as stratabound in interbedded limestone-tuff-sediment sequences 
with remobilized ore in fault zones and in skarn adjacent to the Long Hill Diorite. 
Their model places the deposit on the western edge of the Late Ordovician Quigley's 
Hill Volcano, in a shallow, sheltered back reef environment. Here, fumerolic fluids 
formed a stratabound pyrite/pyrrhotite-chalcopyrite-gold siliceous ore within 
calcareous tuffs and muds. 
Taylor (1983) proposed some general points about the formation of.the deposit. The 
deposit is described as varying forms of skarn that have formed by the infiltration of 
silica and metal-bearing fluids along fractures in the country rock. The 
metasomatism took place via infiltration rather than diffusion. He adlded that the 
mineralisation was sourced from either indirect volcanic or magmatic sources. In the 
former case, the mineralisation is described as being derived from either a metal-
enriched volcanic unit that occurred near the top of the granite or by expulsion of 
metal-bearing fluids during metamorphism from the volcaniclastic sediments. Taylor 
suggests that magmatic involvement may be similar to that described by Shimazaki 
(1980, in Taylor op. cit.). The magma may interact with adjacent meteoric waters 
that became incorporated into the hydrothermal system. An alternative suggestion 
may be that the metals and fluids were derived from late-stage differentiates of the 
magma. 
Creelman et al. (1990) provided a brief overview of the geology of the deposit. 
However, they also gave a suggestion regarding the ore genesis. While the skarn 
8. Discussion 174 
formed at temperatures of 600°C or higher, the gold was a lower temperature 
overprint. They stated that this may be the result of retrograde metamorphism or 
from a later hydrothermal event. 
Smart and Wilkins (1997) expanded this for their formation of the Browns Creek 
deposit. The skarn represents metamorphic reactions at the contact between the 
Blayney Volcanics and the Cowriga Limestone Member. Mineral assemblages 
indicate the temperature of formation of the skarn at being in the range of 500-
6500C. The gold-copper mineralisation is stated as clearly post-dating the skarn 
mineral assemblage. Further it is related to the retrograde gangue mineral 
assemblage. The nature of the ore mineralisation (replacement and vein fillings) 
together with the presence of sheeted veins indicate the infiltration of a hydrothermal 
fluid . This was the first published paper to highlight the presence o:f the sheeted 
veins as they were only found within the underground mine. Also, it was the first to 
indicate the importance of structure in the formation of the ore body, stating that 
many of the structures are long lived and have controlled skarn formation and 
mineralisation (specifically the 4000E Fault). Smart and Wilkins (op. cit.) re-iterate a 
preliminary version of Kjolle' s (1997) ore genesis (see below) but also provide an 
alternative. Their model involves a primary late-stage hydrothermal fluid focussed 
along permeable fault zones. The fault zones formed along the margin of the Carcoar 
Granodiorite. The fluids are stated as being involved with fluid mixing, although 
they do not state what with, and bimetasomatism. This is believed to have obscured 
the pure magmatic signature of the isotope work ofKjolle (1997). 
The thesis by Kjolle (1997) is the most extensive study of the Browns Creek deposit 
to date. Her preliminary results were utilised by Smart and Wilkins (1997) to 
propose a model for ore formation. However, Kjolle ' s model differs somewhat to 
that presented above. This model is summarised in figure 8.1. It is important to note 
that Kjolle calls the intrusion in the mine the Long Hill Diorite, however, this is 
called the Carcoar Granodiorite in this overview. 
8. Discussion 175 
1 kDar 
5km 
Figure 8.1- The proposed ore genesis model of Kjolle (1 997) illustrated as a section through the "Long Hill 
Diorite" and ore zone. 
The Carcoar Granodiorite is believed to have been resporisible for the hornfels and 
marble conversion of the Blayney Volcanics and Cowriga Limestone Member 
respectively. Further, the granodiorite is stated as being solidified at this stage. 
Another magmatic pulse produced fluids that infiltrated along sub-vertical structures 
and the steep contact between the limestone and the volcanics. These fluids formed 
the prograde skarn assemblage at temperatures of around 500-650°C. The Browns 
Creek Shear Zone is stated as still being active at this stage and deformed the 
prograde skarn in a brittle-ductile manner. Retrograde mineral assemblages indicate 
temperatures of 300-400°C for the formation of the mineralisation and associated 
gangue minerals. 
The fluids involved in the ore formation process are stated as being both saline 
brines and magmatic fluids derived from the Carcoar Granodiorite and Long Hill 
Phase. However, they are clearly stated as not being the major sources of Au and Cu. 
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These and other metals have been leached from the Blayney Volcanics and other 
neighbouring Ordovician mafic magmatic rocks by the .fluids focused along the 
Browns Creek Shear Zone and other structures. The precipitation of the 
mineralisation is mostly due to the cooling of the fluids as they reach the upper parts 
of the system. Fluid mixing may have also produced the mechanisms required to 
precipitate the ore minerals. Another tenuous suggestion for precipitation of the 
mineralisation is by the boiling of the fluids by means of a pressure reduction. Kjolle 
(op. cit.) concludes that the ore formation is similar to that of Au skarn deposits 
outlined in her summary (Beddoe-Stephens el. al, 1987 and Meinert, 1992 in Kjolle, 
op. cit.). 
8.1.2 Comment on Previous Models 
The volcanogenic model proposed by Bowman et a!. ( 1977) disregards any relation 
between the mineralisation and intrusive activity , apart from remobilisation of pre-
existing ore minerals. Their model has the mineralisation forming prior to the 
intrusion of the Long Hill Diorite, which was responsible for the skarn alteration. 
This is clearly not the case as more recent studies, including this one, have shown 
that the mineralisation overprints the skarn alteration. The stratabound skarn of 
Bowman et al (1977) and Talyor (1983) describes the lithological contact zone 
between the Blayney Volcanics and the Cowriga Limestone Member. The muds and 
tuffs described are interbedded within the basal section of the limestone. The 
competency contrast between the volcanics and limestone provided a preferential 
conduit for infiltration of mineralising fluids. This would explain the ore 
development along this contact. This feature was only observed in the highest part of 
the deposit and represents epithermal stage mineralisation. Regarding the proposed 
model of Kjolle (1997), it is difficult to source the majority of the mineralisation 
from the Blayney Volcanics. There does not appear to be a large enough volume of 
volcanics to provide the metals for the deposit although this would need 
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investigating. 
With the exception ofthe model proposed by Smart and Wilkins (1997), the problem 
with the previous models is that they only take into accOLmt features observed in the 
open pit. Obviously, this was the only data available at the time. Bowever, critical 
features of the deposit were uncovered in the underground mine that substantiate a 
magmatic derivation of the mineralisation. These features include the sheeted quartz 
vein mineralisation and the intrusion of the Mine Dyke Group. While there were 
dykes present in the open pit, their importance was not realised as they were not 
intimately associated with the ore and there was a lack of understanding of the 
intrusive relationships. In the case of Smart and Wilkins (op. cit.), their report 
utilised only the upper levels of the mine and during this time, the importance of the 
Mine Dyke Group had not been realised. However, it was postulated that the 
mineralisation was due to a late hydrothermal event. 
8.2 Nature of Origin of Intrusive Rocks 
The mineralisation at the Browns Creek deposit is intimately associated with 
intrusive activity. There are several different intrusive phases present and together 
they make up the Browns Creek Intrusive Complex. The most dominant phase is the 
Carcoar Granodiorite. This reduced granodiorite has an isotopic signature (obtained 
by Kjolle, 1997 and recalculated here to the new, more precise dating on the Carcoar 
Granodiorite) that is consistent with the more evolved I-type granites of the Lachlan 
Fold Belt. However, the isotopic values are most likely due· to the crustal 
contamination/assimilation during the ascent of the granodiorite. This is supported 
by the presence of inherited cores within zircons. 
The Long Hill Phase was a cumulate phase of the Carcoar Granodiorite. As such, its 
geochemistry is consistent with that of the granodiorite. However, the isotopic 
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signature ofthe Long Hill Phase is more compatible with the primitive 1-type granites 
of the Lachlan Fold Belt. Kjolle (op. cit.) states that this is the only evidence for the 
Long Hill phase representing a different intrusive body to the Carcoar Granodiorite. 
The isotopic values for the Long Hill Phase are more indicative of the nature of the 
magma source of the Browns Creek Intrusive Complex. 
The Mine Dyke Group is the phase of the Browns Creek Intrusive Complex that is 
synchronous with the mineralisation. Kjolle ( op. cit.) performed isotopic analysis on 
two porphyry dykes from the open pit. These dykes are consistent with members of 
the Mine Dyke Group in the underground mine. Like the Long Hill Phas1e, the dykes 
measured were analagous with the more primitive 1-type granites ofthe Lachlan Fold 
Belt. During the dating of the underground members of the Mine Dyke Group, one 
sample was found to contain inherited zircon cores. These were analysed and 
revealed that their ages were consistent with detrital zircons in Ordovician flysch in 
southeatern Australia. The other Mine Dyke Group zircons did not contain cores. 
The results ofthe isotopic analysis together with the observations from the dating of 
zircons indicate that the source of the Browns Creek Intrusive Complex is primitive 
in nature. However, the individual phases have followed different ascent paths and 
hence have different isotopic signatures due to, in this case, varying amounts of 
assimilation/contamination. 
• CARCOAA GRANODIORITE MINE DYKE GROUP POST-MINERAUSATION BARRY GRANITE Incl. diorite, INTRUSIVES 
monzonite, tono~llte 
BROWNS CREEK INTRUSIVE COMPLEX 
CARCOAR SUITE 
Figure 8.2- The Browns Creek Intrusive Complex within the Carcoar Suite of intrusives. 
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8.3 A New Model for the Formation of the Browns Creek D<eposit 
The Blayney Volcanics is the oldest lithological unit at the Browns Creek deposit. 
The volcanics comprise basaltic flows, volcanic breccias and volcaniclastics. 
Wyborn (in Pogson and Watkins, 1998) suggests that the volcanic breccias most 
likely formed by hyaloclastic brecciation or pillow lava development. The Cowriga 
Limestone Member lies conformably within the upper portion of the volcanics 
package. The presence of the limestone along with Wyborn's theory of the 
development of these volcanic textures supports a deep marine environment that is 
gradually become shallower. The age of the Cowriga Limestone Member has been 
constrained to 450 ± 6 Ma by the conodont preserved within their matrix (Kjolle, 
1991 ). The base of the Blayney Volcanics unit suggests an age of latest Middle 
Ordovician as it conformably overlies the Coombing Formation (Wyborn in Pogson 
and Watkins, 1998). If the porphyritic monzonite is related to the Blayney 
Volcanics, it is suggetsed that it intruded at this stage. 
The first observable structural regime is the north-south trend. The Carcoar Break is 
a dominant example of this trend. It forms the boundary of the Blayney Volcanics to 
the west and south of the mine, however to the north the Blayney Volcanics appears 
to be conformable with the Forest Reefs Volcanics. While the fault itself is not 
directly related to the mine, other north-south structures developed sympathetically 
within the mine. The Carcoar Break is a very long-lived s~ructure and was probably 
still active during the emplacement of the Carcoar Granodiorite. Upon cooling. the 
Carcoar Granodiorite also underwent north-south deformation, forming the precursor 
to the 4000E Fault as well asother prominent north-south structures in the local 
vicinity. 
The Carcoar Granodiorite forms the largest component of the Browns Creek 
Intrusive Complex and the greater portion of the western boundary of the orebody. 
The granodiorite is an 1-type intrusive with a calc-alkaline nature. Zircon age dating 
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Figure 8.3 -Block model diagram for the formation of Browns Creek. (a) Deposition of 
the Blayney Volcanics and Cowriga Limestone Member. (b) Regional north-south 
faulting occurs, for example the Carcoar Fault, as shown. (c) Intrusion of the Carcoar 
Granodiorite and associated Long Hill Phase, with the Carcoar Fault providing the 
western boundary. (d) With the intrusion of the Carcoar Granodiorite, the surrounding 
rocks are subject to contact metamorphism, hornfelsing the volcanics and marblising the 
limestone. (e) Northwest faulting, such the Mount David Shear Zone, forms the new 
contact between the granodiorite and volcanics/ limestone package, in places juxtaposing 
the intrusive with the limestone. Fluids infiltrate along the fault zone and skarn alter the 
surrounding rocks. (f) Regional northeast faulting dilate pre-existing north-south 
structural fabric. (g) Due to this structural movement, the Mine Dyke Group and 
associated mineralising fluids, intrude into the skarned contact zone, favouring the 
north-south trending structures. (h) The Post-Mineralisation Intrusive intrudes after the 
ore formation, cross-cutting the ore. 
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performed as part of this study has placed the intrusion of this body at 430.4 ± 4. 7 
Ma. This date is considerably older than others that have been obtained in previous 
studies and places the intrusion a1 the boundary between the latest Ordovician and 
earliest Silurian. Ages previously reported are consistent with later magmatic 
activity that has reset many of the nominal values utilised in other forms of age 
determinations. Such teclmiques include 40 Ar/39 Ar, KJ Ar and Rb/Sr and these give an 
age of between 416-407 Ma. Evidence for later magmatic/thermal activity IS 
supported by the presence of secondary amphibole within granodiorite samples. 
The Long Hill Diorite, as described by previOus workers, is located within the 
northwest corner of the Carcoar Granodiorite. It was long believed to be a discrete 
intrusive phase to the Carcoar Granodiorite. However, the diorite has a greater 
abundance ofMgO and TiO and lower K20 with respect to the Carcoar Granodiorite. 
This is consistent with the greater amount of amphibole in its composition. 
Otherwise the two intrusives follow similar trends on variation plots. The Long Hill 
Diorite is not a separate intrusive phase. It represents cumulate-rich segregations 
within the Carcoar Granodiorite. The terminology of .the Long Hill Phase is 
introduced to classify the cumulate-rich phases of the Carcoar Granodiorite. Any 
further discrimination between the Carcoa.r Granodiorite and the Long Hill Diorite is 
invalid. 
The intrusion of the Carcoar Granodiorite and associated Long Hill Phase resulted in 
the widespread alteration of the country rock. The volcanics were recrystallised to 
hornfels and the limestone recrystall ised to marble. The granodiorite did not intrude 
the limestone. There were no observed intrusive contacts between 'the granodiorite 
and marble in the open pit, drillcore or tmderground exposures. This supports the 
observations made by Rangott and Bird (1994). 
The changing fluid chemistry and continued intrusion of the Carcoar Granodiorite 
has altered the surrounding rocks to the prograde skarn assemblage of 
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clinopyroxene, garnet and wollastonite. This skarn development is essentially 
unmineralised and has affected both components of the ·Blayney Volcanics - the 
hornfelsed volcanics and the marble. 
This was followed by a deformation event resulting in the formation of a northwest 
structural trend. The most significant of these structures is the Mount David Shear 
Zone. This structure resulted in the juxtaposition of the marble against the 
granodiorite. This can be clearly seen in the upper portion of the underground mine 
where a moderately dipping northwest structure forms the boundary between the 
Carcoar Granodiorite and the marble. The Mount David Shear Zone is readily 
observable in the southern walls of the pit, where the Carcoar Granodiorite is clearly 
fault botmded by the limestone member. 
Following this period of structural activity, northeast structures that dominate the 
local area formed. Initial movement on these structures has caused the Mount David 
Shear Zone to be displaced, further complicating the contact zone between the 
Carcoar Granodiorite and the Blayney Volcanics/Cowriga Limestone Member. 
The north-south structures were then reactivated, causing the transposition of stress 
from the pre-existing 4000E Fault along northeasterly structures. This produced the 
mylonite zone present in the marble. Lower order structures also produced at this 
stage indicate dilation in a northeast direction and shearing in the northwest 
direction. This produced the northwest shears and faults that are dominant in the 
lower ore zone. They are not lower extensions of the Mount David Shear Zone. 
These lower order structures are consistent with dextral movement on north-south 
structures. 
The next stage of structural activity was contemporaneous with the intrusion of the 
Mine Dyke Group. The northeast trend reactivated, allowing pre-existing north-
south structures to open up and provide a channelway for the intrusion of some 
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members of the Mine Dyke Group (such as the "Ore zone Package") and associated 
mineralising fluids. The mineralising fluids permeated into the surrounding rock that 
was previously metasomatised, producing the retrograde skarn assemblage and 
mineralisation. Dilation in a north-south orientation is indicative of dextral 
movement on the reactivated northeast structures. 
The majority of the Mine Dyke Group represents the more felsic , evolved fraction of 
the Browns Creek Intrusive Complex. Variation plots with the Carcoar Granodiorite 
and the Long Hill Phase are consistent with the dykes being more fractionated and 
thus having different stages of feldspar crystall isation (such as early crystallisation 
of alkali feldspar). Dykes of more mafic nature were analysed and these correspond 
with the Long Hill Phase of intrusives. 
The dykes intruded over an extended period of time. Zircon ;:tge dating was 
performed on two dyke samples. The first was a more mafic dyke that y ielded an age 
of 430.0 ± 5.4 Ma. The second sample was sourced from a dyke that clearly intruded 
post-mineralisation as it was observed to cut the sheeted vein ore. This dyke yielded 
an age of 432.3 ± 4.9 Ma. Thus, within the ranges of the uncertainties, these dykes 
have intruded at a similar timing to the initial intrusion of the Carcoar Granodiorite. 
This supports the conclusion from the geochemistry that these intrusives have been 
sourced from the same parent magma. 
Cross-cutting relationships show that the dykes pre-date and post-date the 
mineralisation. In order for this to occur, the dykes and the minera}isation must be 
contemporaneous. Petrography reveals that the mineralisation post-dates the 
prograde skarn development. The dykes and the mineralising fluids have evolved 
synchronously. The magma source became enriched in H20 after the Carcoar 
Granodiorite and associated Long Hill Phase intruded. As the magma source cooled, 
resurgent boiling occurred as the melt transferred to crystals and vapour (C. Wayne 
Burnham, in Barnes, 1979). This caused an increase in the volume ofthe magma that 
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could not be accommodated by plastic deformation of the sunounding rocks. 
Consequent brittle failure caused small fractures to occur, which were infilled with 
the aqueous fluid phase. At this time, the Browns Creek deposit was under the 
noriheast structural trend. Pre-existing structural fabrics dilated and where such 
fractmes penetrated into the magma chamber, intrusive dykes formed. The dykes 
cover a range of compositions. This indicates that the dykes tapped the magma 
source at various places, as some are more geochemically consistent with the 
cumulate-rich phase of the Long Hill Phase. Also, the dykes had different paths of 
ascent and as such have suffered varying contamination/assimilation of the country 
rock. Zircon observations confirm this, as one sample of the Mine Dyke Group 
contained inherited cores whole the other did not. Textures indicate that the more 
felsic dykes crystallised rapidly. This is consistent with high-level emplacement and 
rapid intrusion. Some of the dykes expelled their own fluids resulting in a narrow 
envelope of prograde skarn, composed dominantly of garnet. 
Towards the end of the Mine Dyke Group intrusion phase, the dilation in the norih-
south direction resulted in the formation of a series of sheeted quartz veins. These 
veins were responsible for the occmrence of high gold grades. However, others 
uncovered at depth are essentially barren. The sheeted veins are inferpreted to have 
formed in the final stages of the ore development. However, the Mine Dyke Group 
of intrusives was still active as examples were observed to cross-cut the veins. 
The ore has been cut by another intrusive phase, the Post-Mineralisation Intrusive. 
This phase is clearly post-mineralisation and is interpreted to have intruded after the 
Mine Dyke Group. This intrusive has yet to be fully investigated. However. the 
small amount of geochemical data that is availab le suggests that this late group of 
intrusives does not geochemically deviate from the rest of the Browns Creek 
Intrusive Complex and hence probably forms part of it. The intrusive is more mafic 
than the Mine Dyke Group and has a greater affinity to the Long Hill Phase of 
intrusives . This may indicate that the parent magma became more mafic after the 
Looking North 
/I Contact Skamification 
/ and Homfelsing 
/I Au - Cu Rich 
/ Mineralising Fluids 
Common Parent Mct9ma Source 
~~~ 
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dyke swarm removed the majority of the felsic components. The processes involved 
in the formation of the Post-Mineralisation Intrusive are highly speculative due to 
limited data that could be obtained for this study. However, it is most likelly related to 
the other components ofthe Browns Creek Intrusive Complex. 
The Post-Mineralisation Intrusive has only been identified in the lower ore zones at 
present. These levels were amongst the last to be worked and little is known about 
this phase of intrusives and their timing with respect to the structure. 
The east-west structural regime has not been included in this model of formation as it 
is uncertain when it formed. It was definitely active after the intrusion of the Carcoar 
Granodiorite and the subsequent juxtaposition with the Cowriga Limestone Member 
as these structures clearly offset this contact. This can be readily observed within the 
open pit. It is suspected that such structures are late and have formed post-ore 
formation. This may have been due to movement on deep-seated basement structures 
or by new structural developments. This study cannot substantiate either of these 
postulations and they are highly speculative. 
Subsequent to the ore formation, there has been relatively little alteration to the 
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deposit. Due to its close proximity to the Mount Canobolas volcanic centre, it most 
likely was covered by basalt during the Tertiary volcanic activity. If so, there has 
been substantial erosion to remove this cover. Erosion has continued to expose the 
upper-most parts of the orebody. Late, small scale movement (in the order of 
millimetres to rarely centimetres) can be observed throughout the mine on most 
structural orientations. However, this movement has not disturbed the orebody. 
8.4 Classification 
Classifying a deposit within a particular scheme is misleading. Each deposit has its 
own unique geochemical signature and characteristics. However, a classification 
scheme may be useful when observing a series of deposits within a local region. 
Here, characteristics such as geochemistry, lithology, mineralisation, alteration and 
age may all be similar if not the same. 
From the discovery of the Browns Creek deposit in the 19th century, the deposit has 
been "pigeon-holed" into many different mineralisation styles. These classifications 
have risen from a poor understanding of the geology and mineralisation controls in 
combination with the need to catagorise the deposit into a popular style (for example 
volcanogenic massive sulfide deposits in the 1970's and 1980's and porphyry 
deposits in the 1990's). In 1881 , the deposit was described as a "fenuginous breccia, 
containing siliceous accretions or ' clinkers' (fi lling) a huge fissure ..... in diorite" 
(N.S.W. Dept. Min. Resources, Mine Inspector's Report, 1876- 1981). In recent 
mining history, Bowman, Richardson and Hobbs (1977) classify the deposit as 
volcanogenic. More recent theories have classified the deposit as a skarn deposit 
(Taylor, 1983). The contact skarn classification has proven most popular in recent 
history, due primarily to the Carcoar Granodiorite supposedly intruding into the 
volcanic/limestone package. This classification is still popular in· some academic 
circles, however this study has demonstrated that there is an alternative suggestion. 
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The most recent inclination is to classify the deposit as a intrusive-related system, due 
to the magmatic relationships observed at the mine. 
Gold mineralisation that has been generated within magmatic/hydrothermal systems 
has traditionally been classified within the broad porphyry deposit system. However, 
the porphyry deposit classification could rarely account for the many features 
associated with such gold deposits. Recent research has introduced a new 
classification of intrusive-related gold systems (Lang eta/., 2000). This classification 
scheme has been based on the deposits of the Yukon District in Alaska. These 
deposits have similarities with others around the world, such as the Kidston 
bttrusive Related Au Au-Skarn System Porphyry Au-Cu System 
System 
Metal Au-Bi-W-As-Mo-Te ± Sb Au-Cu ± Pb, Zn Au-Cu ± Mo, Pb, Zn 
Association 
Alteration Narrow vein selvage ' Ca, Fe, Mg, Mn silicates, Zoned alteration - potassic, 
I garnet, pyroxene, K- phyllic, propylitic/argillic 
I 
. ,- .. ,. J -. ., feldspar, vesuvianite, ') 
"·.t •. ~. •j: .. 
·' ~~··.'r'·'r~ . ... apatite and Cl-rich . 
"' ,._ ;~ a;J J. ~· 
amphibole 
Parent Any Carbonate bearing . Any - must be brittle 
Litltologies lithologies 
Mineralising Carbonic hydrothermal ? Highly saline (>25 
Fluids fluids equivalent wt % NaCl + 
>400°C + high proportion of 
S02) 
Intrusive Type Metaluminous, subalkaline Djorite/granodiorite Intermediate porphyritic 
intrusives of intermediate . intrusive 
to felsic composition - ' ,.t• I ~'\'.' I J:. ~ .. · 
between the ilmenite-
. . ,~ . ,, •. - .1." .... ' ' .. 
. -'.~ • ,.:-. 
magnetite series 
Tectonic Continental, inland of Back-arc basin associated Subduction related 1-type 
Setting inferred or recognised with island volcanic arcs volcano-plutonic arc 
convergent plate boundary 
Mbteralisation Low sulfide quartz sheeted Calcarious lithologies Quartz stockwork veining 
Style vein with narrow replaced with Ca and Mg- and brecciation. Bornite, 
alteration selvages + rich minerals and chalcopyrite, bornite, 
replacement, disseminated disseminated sulfides and magnetite in quartz veins 
and/or fracture-controlled metals 
Deposit Size >3Moz Small to medium t'i· High tonnage, low grade 
(>1m oz) 
Table 8.1 - Comparisons between the intrusive-related gold systems, gold skarn systems and 
porphyry gold-copper systems. The highlighted areas represent the characteristics that best fit 
Browns Creek (after Lang et. a/, 2000, Corbett and Leach, 1994,Meinert, 1986, Meinert, 1987). 
8. Discussion 189 
and Timbarra deposits in Australia, the Salave deposit in Spain, the Niuxinshan 
deposit in China and the Bolivian polymetallic belt. Table 8.1 highlights the main 
features of this classification scheme. Included in the table is the gold skarn system 
and porphyry gold-copper system. Together they comprise the three most popular 
theories on the classification of Browns Creek. The highlighted characteristics of 
these schemes most closely fit those of Browns Creek. 
From this comparison, it can be seen that the Browns Creek deposit does not fit 
exactly into any of these classification systems. It has characteristics of both the 
intrusive related gold system and the gold skarn systems. The metal association at 
the Browns Creek deposit is that of Au-Cu ± Ag, Fe, Te. The first ore mined also 
contained Ni, Co and As as part of supergene enrichment. The presence of tellurium 
and arsenic in the metal association resembles that of the intrusive-re lated system. 
However, the strong presence of copper with the gold is more suggestive of the skarn 
or porphyry systems. 
The alteration at Browns Creek is characterised by a calc-silicate skarn mineral 
assemblage. However, there is a second phase of alteration that is often overlooked. 
The first phase of alteration is pre-mineralisation and is the most obvious at Browns 
Creek. It comprises a garnet-pyroxene-wollastonite assemblage, in varying 
proportions according to the primary lithology. The marble contains a greater 
amount of wollastonite while the volcanics contains more pyroxene. The second 
phase of alteration is syn-mineralisation and has only a limited extent, usually in the 
form of narrow vein selvages. This phase comprises epidote group minerals within a 
broad propylitic alteration assemblage. The first phase of alteration resembles the 
alteration associated with skarn mineralisation systems. However, the alteration that 
is related to mineralisation most resembles the intrusive related gold system. 
The host lithologies at Browns Creek are the Carcoar Granodiorite and recrystall ised 
Cowriga Limestone Member and Blayney Volcanics. The presence of the limestone 
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1s consistent with the host lithologies of the skarn systems. However, this is a 
structurally controlled orebody, whereby the ore has formed along a structural 
corridor that coincides with the contact between these three host lithologies. This is 
more suited to the porphyry and intrusive related systems that have non-descript 
parent lithologies. 
There is substantial data regarding the metasomatising fluids forming the skarn at 
Browns Creek. The fluids had a peak temperature of 475 - 535°C, locally reaching 
temperatures greater than 540°C for the prograde assemblage (Smart and Wilkins, 
1997). The retrograde assemblage is consistent with temperatures between 290 -
425°C (Kjolle, 1997). Kjolle also found that both the prograde and retrograde fluids 
were reduced, with the prograde fluid being undersaturated in quartz. However, the 
fluids that are responsible for the mineralisation have not been investigated. This is 
because for many years the mineralisation was believed to be part of the 
metasomatising event and therefore of similar characteristics to those outlined 
above. Thus, the mineralising fluids cannot be compared with the existing 
classification schemes. 
The Browns Creek deposit is associated with an evolving multiphase intrusive 
complex. The most dominant member of this complex is the Cm·coar Granodiorite, a 
calc-alkaline, I-type, reduced pluton that is metalumitious in character. Other 
members of the complex are the cumulate Long Hill Phase of the Carcoar 
Granodiorite, and the Mine Dyke Group that is typified by granitic intrusives 
varying in texture from aplitic and pegmatitic. The other member of the complex is 
the late granodioritic intrusion of the Post-Mineralisation Intrusive. An intrusive 
configuration such as that observed at Browns Creek may align with either the 
intrusive related or skarn system. 
The most commonly accepted tectonic setting for thi s area of the Lach1an Fold Belt 
is that of a back-arc basin. This characteristic of Browns Creek closely resembles 
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that of the skarn system. However, the broad tectonic setting of the intrusion-related 
system could also contain this tectonic setting. 
Several different styles of mineralisation are present at Browns Creek. The bulk of 
the mineralisation is disseminated throughout the altered host rocks. The gold and 
sulfides occur along microfractures and within veinlets throughout the orebody. Rare 
replacive textures are also observed, particularly within the wollastonite-rich skarn. 
In addition, there are sheeted quartz veins that host bonanza gold grades. Such veins 
however, have relatively low sulfide abundance. The other ore minerals present are 
dominantly bornite, chalcopyrite and pyrite. These characteristics of the ore at 
Browns Creek are consistent with that of the intrusive-related system. On brief 
examination of the characteristics of the orebody, there also appears to be similarities 
with the skarn system. However, the mineralisation within this s.xstem is directly 
associated with skarn formation. The minerali sation at Browns Creek is clearly post-
skarn formation. 
The deposit size of Browns Creek cannot be determined, due to its catastrophic 
closure in 2000. This ceased all mine exploration activities. The best estimate that 
can be made in relation to the classification schemes being highlighted is that of 
small to medium sized. 
Browns Creek is unique in its setting and formation. The deposit is directly related to 
the intrusion of the Mine Dyke Group phase of the Browns .creek Intrusive 
Complex. There have been two phases of alteration at the deposit. Skarn alteration 
has occurred pre-mineralisation. The syn-mineralisation alteration is characterised by 
epidote-group minerals. While the deposit is hosted within a variety of parent 
lithologies, the mineralisation is structurally controlled. The infiltration of 
hydrothermal fluids (which have yet to be investigated fully) and the intrusion of 
magmatic bodies relies solely on the structural preparation of the ground. The 
mineralisation overprints the skarn mineral assemblage and is also :found within 
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sheeted quartz veins. The best classification that can be given to the deposit is that it 
is a magmatically derived, structurally formed and skarn-hosted gold-copper system. 
8.5 Regional Implications 
This study has proven the importance of the structural preparation of the Browns 
Creek area and the intrusion of magmatic bodies into a pre-existii1g skarn-altered 
lithological setting. The implication of this for local exploration is that while skarn-
altered rocks remain a target, they should not be the only focus. Structural mapping 
and geochemical analysis of intrusive bodies is paramount. Intrusives that have a 
similar geochemistry and age of emplacement may also be related to mineralisation. 
Results of this study provide a new insight into the formation and exploration of 
similar intrusive-related mineralisation systems elsewhere within the Bathurst 
1 :250,000 sheet. At the onset of this thesis, the popular school of thought for this 
very prospective region was that mineralisation was dominantly associated with 
Ordovician plutonic activity. Further, it was thought that the deposits of this time 
represented different aspects of porphyry copper-gold deposits along the formation 
of the Molong Volcanic Arc. More extreme beliefs proposed that all mineralisation 
is essentially Ordovician in age and may have been reworked in later periods of time, 
giving the appearance of Silurian, or later, deposits. The Browns Creek deposit was 
said to be one such deposit. While Kjolle's model ( 1997) has the deposit forming in 
the Silurian, as the metals were sourced from the Ordovician Blayney Volcancis, this 
aligned with the "Ordovician model". 
Geochemical analysis (Chapter 6) of the granites of the Bathurst 1:250,000 sheet 
reveal that within the Silurian intrusives, two sub-groups can be· identified. One 
smaller group, the S 1 Intrusives, contains tlu·ee members of the Wyangala Batholith 
(Swan Ponds Tonalite, Garland Granodiorite, Grants Corner Granodiorite) , the Barry 
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Granite and the Carcoar Granodiorite. The other group contains the rest of the 
Silurian intrusives. The S 1 Intrusives are geochemically less evolved than the main 
sub-group. 
The Bany Granite was included in the geochemical observations of this study, due to 
its proximity and similar characteristics to the Carcoar Granodiorite. It was shown 
that the two intrusives are genetically related. This is supported by Lennox et al. 
(1998) who states that the Barry Granite and Cm·coar Granodiorite have most 
probably intruded at about the same time. Further, they add that they have both 
intruded at about the same time or slightly earlier than the Wyangala Batholith, of 
which three intrusives of the S 1 group are members. The other members of the S 1 
Intrusives were also compared with the Browns Creek Intrusive Complex, as one 
member is the Carcoar Granodiorite. This confirmed a similarity between them. 
While it was anticipated that the geochemistry of the S I Intrusives would be more 
likened to the Ordovician intrusives, this was not the case. The S 1 Intrusives are 
more like the Carboniferous intrusives, an unexpected result and one which may 
warrant further investigation. A noteworthy feature is that the S 1 Intrusives fall 
along a northeasterly trend. If this trend is continued northwards, the Carboniferous 
Bathurst Batholith falls on the san1.e trend. In addition, a northeast structural trend is 
common in Silurian deposits. 
Dating of the Carcoar Granodiorite as part of this study has shown that it is 
substantially older than previously thought. If there is a genetic connection between 
the S 1 Intrusives, then the other members may also be older than presently thought. 
The Wyangala Batholith members have not been dated by any method as yet but are 
thought to have intruded in the Late Silurian (Pogson and Watkins, 1998). A range 
of dating techniques have been performed on the Barry Granite . These give a range 
of ages from 408.2 ± 11.1 Ma (K/Ar dating on hornblende) to 413 ± 4 Ma (40Ar/39Ar 
on hornblende) which are similar to those originally reported for the Carcoar 
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Granodiorite (Lennox et al. , 1998). 
As the Browns Creek deposit is clearly related to the Carcoar Granodiorite, it can be 
used as an example of a deposit that is related to the S 1 Intrusives . The key 
characteristics ofthe Browns Creek deposit are:-
• It is an Early Silurian deposit that was thought by some to be a reworking of 
Ordovician mineralisation. 
• It is associated with the Carcoar Granodiorite, one of the S 1 Intrusives. 
• The northeast structural trend is paramount to the formation of this structurally-
controlled ore body. 
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9. Conclusion 
The Browns Creek deposit is a magmaticall y-derived. structurally-controlled, skarn-
hosted gold-copper deposit. The focus of this research was to determine the nature of 
the relationship between the intrusive activi ty and mineralisation at the deposit. It 
was found that the majority of intrusives in the mine area are genetically related. 
They are collectively termed the Browns Creek Intrusive Complex. This complex 
includes the Carcoar Granodiorite, Long I-Iill Phase, Mine Dyke Group and the Post-
Mineralisation Intrusive. The Long Hill Phase (previously known as the Long Hill 
Diorite) is a cumulate phase of the Carcoar Granodiorite. The Mine Dyke Group is a 
series of granitic dykes that are spatiall y related and are synchronous with the 
mineralisation at the Browns Creek deposit. This is the intrusive phase of the 
Browns Creek Intrusive Complex that is assoc iated with minerahsation. The 
mineralisation has then been cut by the Post-Minerali sation Intrus ive. 
Geochemical analysis of the intrusive bodies located around the Browns Creek 
deposit shows that they are all genetically related. They represent an evolving and 
fractionating magma source at depth that has been tapped over a period of time to 
produce the Browns Creek Intrusive Complex. The Carcoar Granodiorite is the 
dominant body of the complex. Dating of the granodiorite revealed an age of 430.4 ± 
4.7 Ma. There are differentiates within the granodioritic pluton. Cumulate phases 
were identified. The Long Hill cumulate phase was previously believed to be a 
separate intrusive body called the Long HiLl Diorite. However, geochemical analysis 
has shown that it is a cumulate phase of the Carcoar Granodiorite, and it is now 
termed the Long Hill Phase. 
The chemical and petrographic variation within the Mine Dyke Group clearly shows 
the evolving magma source. Many samples of this group are geochemically similar 
to the Carcoar Granodiorite and others extend to highl y fractionated dykes. The 
majority ofthe dykes are located within the ore zone. They mostly trend north-south 
and some clearly show that they have intruded along north-south oriented structures. 
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The dykes have clear cross-cutting relationships with the minerali sation. Some have 
intruded during the later stages of the mineralisation (the sheeted vein ore). One such 
dyke was dated at 430.0 ± 5.4 Ma. Other dykes clearl y post-date the late ore. One of 
these dykes was also dated at 432.3 ± 4.9 Ma. This date is indistinguishable from the 
first date within the limits of uncertainty. Thus, it fo llows that mineralisation at the 
Browns Creek deposit must have occurred at around the same time as the intrusion 
of the Mine Dyke Group. 
A late intrusive body was identified during the latter stages of mining prior to the 
flooding of the mine. The Post-Minerali sation 1 ntrusi ve post -dates all mineralisation 
at the Browns Creek deposit. Due its late discovery. little is known about this 
intrusive. It is of granodioritic composition but is slightly more mafic than the 
Carcoar Granodiorite. However, geochemical ana lysis of the onl y sample available 
shows that it is clearly a member of the Browns Creek Intrusive Complex. Little is 
known about its relationship with the other li thologies at the Browns Creek deposit. 
The formation of the orebody has relied upon the structural preparation of the area. 
The mineralisation is clearly structurally controlled and three dominant trends can be 
observed throughout the mine and the local area - north-south, northwest (330°) and 
northeast (020° -040°) . The north-south and northwest structures were paramount in 
the preparation of the ground prior to the formation of the orebody. Early structural 
movement resulted in the juxtaposition of the Carcoar Granodiorite with the 
Cowriga Limestone Member. Metasomatising fluids have most likely infiltrated 
along these structures and formed the skarn alteration. Regional-scale nottheast 
structures have created dilation in a north-south orientation. favouring a pre-existing 
fabric that was formed by earlier north-south structural activity. Dilation along the 
north-south trend facilitated the intrusion of the Mine Dyke Group and associated 
mineralisation. thus giving the orebody a broad north-south trend. Minor movements 
have most likely taken place on the majority of structures after the formation of the 
orebody. However, none have been great enough to disturb the orebody to any 
extent. 
9. Conclusion 197 
Skarn altered marble and volcanics host the mineralisation at the Browns Creek 
deposit. The mineralisation is a later event. unrelated to at least the prograde skarn 
event. Ore minerals overprint the skarn and commonly occur along micro-fractures 
and veinlets. For many years, the Browns Creek deposit has been classified as a gold 
skarn deposit. The mineralisation is skarn-hosted but is magmatically derived and 
closely related to the Mine Dyke Group. The dates obtained for the Mine Dyke 
Group provide a lower limit for the age of mineralisation. The date for the intrusion 
of the Carcoar Granodiorite provides an upper limit. These ages were collected to 
obtain a weighted mean age for mineralistion of 431 ± 3 Ma. This age  is about 15 
Ma older than previously determined dates. The ages obtained by previous workers 
were for a later magmatic event that reset the ages. This -event may have been the 
intrusion ofthe Post-Mineralisat ion Intrusive. 
This research has shown that it is misleading to classify deposits rather than describe 
them acording to their own characteristics. For many years the Browns Creek 
deposit was classified as a gold skarn, while it is clearly not. The mineralisation has 
relied upon the structural preparation and the intrusion of magmatic bodies into a 
pre-existing skarn altered lithologica l setting. This has impacted on all aspects 
related to the extraction of the ore and exploration in the vicinity of the mine. With 
these two critical factors, future exploration should not limit itself to only the skarn-
altered rocks. Structural mapping and geochemical analysis of intrusive bodies is 
paramount. Intrusives that have a similar geochemistry and age of emplacement may 
also be related to mineralisation. 
The importance of accurate dating is clear. Ages that were obtained by isotopic age 
determinations are younger than those determined by U-Th-Pb dating techniques on 
zircons. Previous ages are poss ibly associated with a later thermal event and are not 
related to the emplacement of the main intrusive bodies. Thus. other intrusives in 
this region may also be older than previously thought due to similar resetting by 
possible later thermal events. This may have implications for future exploration of 
ore deposits that are related to intrusive activity. 
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Many previous interpretations about the Browns Creek deposit have been disproved 
or modified. These include the structural preparation of the deposit , the age of 
emplacement of the Carcoar Granodiorite. the separation of individual intrusive 
phases, the relationship between the intrusives and the mineralisation a nd the age of 
mineralisation. These discoveries will benefit future exploration and the scientific 
understanding ofthe intrusive activity surrounding the Cm·coar Granodiorite. 
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Appendix 1- Analytical Methods 
1.1 SHRIMP Dating 
The analytical techniques and calibration procedures used were similar to those described 
by Wil liams eta! (1996). 
A sample of the fresh, una ltered rock to be dated (about 1- l.Skg) is crushe d and washed 
w ith water. This sample is passed through a l;g inch to 3/4-inch s ieve. The sample is 
thoroughly washed and dr ied and crushed in a tungsten-carbide mil l. The sample is passed 
through another s ieve (-60#) us ing a disposable ny lon sieve. The remain ing sample IS 
des li med to remove fine dust part ic les. The remnants are washed and dried again. 
Once prepared, the sample is then passed through a series of steps for mine ral separation. 
The sample is placed w ithin a solution oftetrabromethane (specifi c gravity 2.96), to remove 
the light minera ls from the sample. Highly magnetic m inerals are removed from the heavy 
minerals using a hand magnet. Other magnetic minerals wer removed using a Frantz 
Magnetic Separator set at Y:z amp and so inc linat ion, then llf2 amp and so incl ination. The 
remaining heavy minerals are placed in another solution, methylene iodide (spec ific grav ity 
3.3). The heavy minera ls remaining are then checked through a microscope. Mi nera ls other 
than zircons that may have passed through are handpicked from the sampl e, leav ing the 
Zircons. 
After the mineral separation, the zircons are placed onto a s lide ( in varying orientat ions) 
with sampl es of zircons from Sri Lankan gravel (SL13 -to calibrate the SHRIMP) and from 
the Du luth Gabbro in Denver (AS3 -as a standard for comparisons). An epoxy resin is then 
poured into a plastic mould placed on th e slide. The res in is heated and the n left to cure. 
The surface of the mount is cut to expose the internal structure of the zircons then po lished 
using I J.l.m d iamond paste. Cathodolum inescence images were taken us ing the Hitachi 
(S22SON) Scanning Electron Microscope at the Research School of Earth Sciences at the 
Australian National U niversity. These images show up as light and dark areas, indicati ng 
very high and very low concentrations of U respectively. The zircons were 
photomicrographed in reflected light and transmitted light to show cracks and inclusions. 
Fina ll y the mount was cleaned and coated in go ld, in order to carry excess charge produced 
by the ion microprobe. Each spot on the zircons was rastered for two mi nutes to reduce the 
common lead (204Pb) contaminati on. 
1.2 Whole Rock Geochemical Analyses 
Samples co llected as part of this thes is were crushed and analysed at the Australian 
National University. Samples of around five kilograms were cleaned of any a lteration, wa ll 
rock and vein material. The samples were then reduced in s ize to around 20mm us ing 
hydrau lic rock splitters and parallel crushing plates. The paralle l c rush ing plates were fitted 
w ith tungsten carbide plates. Approximately 60g of the sample was crushed in a steel 
swing-m ill fo r Co analysis by XRF spectrometry, and in some cases for Ta and W analysis 
by INAA. The remaining sample was then crushed in sma ller lots in a tungsten-carbide 
swing-mi ll for a few seconds. This reduced the size of the sample to only a few mill imetres. 
Approximately 60g to I OOg was obtained from the sample, which was then pulverised in a 
tungsten-carbi de m iII for three minutes. 
The pulverised sample was then analysed. Major and trace· e lement abundances were 
obtained using XRF spectrometry. A smal l p011ion of the powder (0.2g) was melted with 
0.2g of lith ium borate flu x. This was quenched into a 30~Lm diameter glass fu sion disc. The 
major e lements were measured on these discs on a PW2400 wave length di spers ive XRF 
spectrometer. The spectrometer was cali brated by measu ring glass d iscs of high purity 
compound. These calibrations were checked against certified reference materi a ls. 
The trace e lements were measured on pelleted powder samples. These pellets were made 
from 5g of the powder with a few drops of 2% PYA glue. This mixture was pressed into a 
disc then analysed using the SPECTRO X_Lab energy dispersive XRF spectrometer. The 
SPECTRO was calibrated using about 130 certified reference materials prepared 111 
dupl icate and pure compounds crushed in quartz. 
The exceptions to the above were measurements of FeO, H20+, H20- and C02. FeO was 
measured using titration with potassium dichromate. H20- was measured by dryi ng the 
samp le in an oven at 110oc. 
The fo llowing table li sts the detection limits and level of precision for the samp les ana lysed 
at the Australian National Un iversity as part of this study. 
Component detection limit Componen detection limit precision 
% ppm Ave. com error %error 
Fe203 0.002 Zr 2.507 0.02 0.80 
MnO 0.002 Nb 0.034 0.002 5.85 
Ti02 0.003 Mo 0.5 0.312 0.005 1.60 
CaO 0.006 Ag 0.4 2.173 0.02 0.92 
K20 0.002 Cd 0.3 3.836 0.02 0.52 
s 0.003 In 0.5 0.005 0.003 66.58 
P205 0.003 Sn 0.3 0.131 0.005 3.83 
Si02 0.02 Sb 0.3 71.039 0.3 0.42 
Al203 0.02 Te 1 14.250 0.15 1.05 
MgO 0.006 I 1 0.933 0.04 4.29 
Na20 0.012 Cs 2 3.982 0.05 1.26 
C02 0.01 Ba 2 
H20 0.01 La 2 
FeO 0.05 Ce 2 
ppm Pr 2 
Sc 1 Nd 3 
v 1 Hf 3 
Cr 1 Ta 5 
Ni 1 Tl 2 
Cu 1 Pb 
Zn 1 Bi 
Ga 1 Th 
Ge 0.8 u 
As 0.6 
Se 0.6 
Rb 
Sr 
y 
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Append ix 2 - Geochemical Data 
Reg.No. Unit Source Location Si02 Ti02 Al203 FeOT Fe203 FeO MnO MgO CaO Na20 K20 
BCRX0002 aplite Hargraves Resources N.L. (146201) 10577mRL X-cut 77.4 0.08 11 .9 1.179 1.31 0.01 0.03 0.83 3.55 4.39 
NH20 aplite Kovacs 10450mRL 64.42 0.78 13.44 4.032 4.48 0.08 1.15 13.12 1.47 0.11 
69 Barry Granite Bathurst sheet database 707800;6276900 63.94 0.49 15.07 4.975 1.25 3.85 0.11 2.98 4.81 3.02 2.04 
70 Barry Granite Bathurst sheet database 709800;6275800 63.94 0.49 15.01 4.902 1.48 3.57 0.11 2.73 5.42 2.79 1.81 
71 Barry Granite Bathursl sheet database 708300;6276300 66.16 0.42 14.69 4.187 1.23 3.08 0.09 2.3 4.36 2.86 2.72 
72 Barry Granite Bathursl sheet database 707300;6268300 66.2 0.48 14.99 4.83 1.7 3.3 0.1 1.65 4.67 2.89 2.08 
73 Barry Granite Bathurst sheet database 711300;6274400 68.33 0.37 14.43 4.105 1.55 2.71 0.07 1.06 3.4 3.06 2.6 
74 Barry Granite Bathurst sheet database 709800;6275800 58 .1 0.48 13.63 7.658 2.02 5.84 0.17 4.97 6.54 3.42 2.01 
NH12 basaltic dyke Kovacs 10592mRL 47.78 1 .81 14.52 7.686 8.54 0.15 7.96 14.21 1.75 0.9 
MLDX0023 Blayney Volcanics Hargraves, 146202 MLD109, 164.2<164.4m 61.1 0.5 15.7 5.445 6.05 0.12 3.65 6.2 3.45 1.07 
89840023 Blayney Volcanics Henderson, 1991 31900 49.62 0.6 13.66 9.2543 2.527 6.98 0.14 9.11 9.56 2.27 1.61 
90840001 Blayney Volcanics Henderson, 1991 64889 50.28 0.59 13.9 10.115 6.75 4.04 0.19 8 .1 2 5.46 3.52 3.12 
90840003 Blayney Volcanics Henderson, 1991 60762 49.94 0.74 16.23 11.819 1.81 10.19 0.24 4.07 10.63 2.91 10.7 
90840004 Blayney Volcanics Henderson, 1991 130723 48.78 0.63 13.72 10 2.7 7.57 0.18 7 .1 5 12.44 1.72 1.66 
2408 Blayney Volcanics Rangoll & Bird, in Meldrum surface 53.4 0.52 13.2 9.18 10.2 0.17 7.75 7.58 3.69 1.47 
2440 Blayney Volcanics Rangoll & Bird, in Meldrum 48.1 0.67 14.9 10.35 11.5 0.24 5.72 8.48 3.52 1.99 
0917 Blayney Volcanics Rangoll & Bird, in Meldrum HD4, 444.43m 49.2 0.68 14.8 10.8 12 0.19 7.4 9.55 2.46 1.78 
0918 Blayney Volcanics Rangoll & Bird, in Meldrum HD4, 454.84m 49.5 0.65 15.9 10.62 11.8 o:T9 6.53 7.88 2.68 3.06 
93844535 Cadia Hill Monzonite Wyborn, D. 685558;6295841 61.89 0.43 16.84 4.765 2.85 2.20 0.04 1.68 2.96 4.17 4.54 
66 Carcoar Granodiorite Bathurst sheet database 707800;6279400 66.27 0.48 15.05 4.56 1.2 3.48 0.09 2.02 4.84 2.79 2.2 
67 Carcoar Granodiorite Bathurst sheet database 704600;6279000 66.53 0.47 14.81 4.406 1.14 3.38 0.09 1.79 4.64 2.77 2.37 
68 Carcoar Granodiorite Bathurst sheet database 704600;6279000 59.63 0.59 15.56 7.433 1.57 6.02 0.19 3.69 5.86 3.05 2.62 
RIK1 (91841001) Carcoar Granodiorite Kjolle (1997) 700800;6280100 66.27 0.48 14.8 4.459 1.11 3.46 0.07 2.09 4.52 2.9 2.39 
IK2 (91841 002) Carcoar Granodiorite Kjolle (1997) 700200;6283500 65.51 0.47 14.74 4.337 1.23 3.23 0.07 2.61 4.77 2.89 2.31 
IK3 (91841 003) Carcoar Granodiorite Kjolle (1997) 701400;6286400 65.65 0.55 14.99 4.531 1.29 3.37 0.07 2.52 4.34 3.18 2.16 
IK40 (91841040) Carcoar Granodiorite Kjolle (1997) 697900;6281200 63.26 0.51 15.16 5.128 1.52 3.76 0.07 3.4 6.25 3.66 0.42 
RIK53 (91841 053) Carcoar Granodiorite Kjolle (1997) 702900;6288200 65.54 0.59 15.24 4.876 0.74 4.21 0.08 2.09 4.82 3.05 2.09 
NH30 Carcoar Granodiorite Kovacs 10450mRL 63.6 0.43 15.1 4.869 5.41 0.1 2.84 4.85 3.85 1 .59 
NH31 Carcoar Granodiorite Kovacs 10450mRL 63.46 0.44 15.3 4.914 5.46 0.1 2.99 5.14 3.73 1.63 
NH37 Carcoar Granodiorite Kovacs HUD189, 36.5m 61.9305 0.453 14.444 5.4927 6.103 0.107 4.755 5.852 3.353 1.3415 
NH39 Carcoar Granodiorite Kovacs HUD183, 179.3m 64.652 0.436 15.8555 4.50945 5.0105 0.0865 2.626 5.2095 3.74? 1.2695 
NH40 Carcoar Granodiorite Kovacs HUD200, 27m 63.089 0.467 15.757 5.121 5.69 0.096 3.0385 5.38 3.63 1.5115 
NH48 Carcoar Granodiorite Kovacs DEX1, 198.37m 56 0.54 16.5 6.98 7.76 b.l.d. 0.16 3.37 5.81 3.44 4.39 
79620311 Carcoar Granodiorite AGSO, in Meldrum (1995) 701800;6286400 65.82 0.57 15.11 0 0.08 2.38 3.98 2.97 2.53 
90844001 Carcoar Granodiorite AGSO, in Meldrum (1995) 7001 00;6288200 66.84 0.3 15.92 3.157 0.73 2.5 0.05 1.32 3.91 3.87 2.3 
CMRX067 Carra mar Syenite Hargraves Resources N.L. surface 72.5 0.1 14.5 2.59 2.88 b.l.d. 0,01 0.05 0.13 2.83 5.46 
CMRX072 Carra mar Syenite Hargraves Resources N.L. surface 53.9 0.56 17.6 8.71 9.68 b.l.d. 0.23 3.38 6.09 2.88 3.19 
CMRX09? Carramar Syenite Hargraves Resources NL 692409;6283195 58.3 0.45 16.? 5,78 6.42 b.l.d. 0.12 2.45 4.57 4.05 4.39 
CARX073 diorite Hargraves Resources N.L. 53.96 0.6 14.65 7.983 8.87 0.14 5.74 8.66 5.12 0.1 
MLDX0001 diorite Hargraves Resources N.L. (146201) MLRCD009, 188.35<188.5m 49.9 0.8 15.67 9.774 10.86 0.15 5.69 10.62 2.61 1 .99 
MLRX0001 diorite Hargraves Resources N.L. (146202) surface 54.9 0.51 15.9 7.065 7.85 0.2 2.39 11.18 5.59 0.23 
MLDX0009 dolerite Hargraves Resources N.L. (146201) MLRCD010, 407,407.11m 47 2.47 17.29 8.586 9.54 0.15 5.43 10.55 2.79 1 .41 
MLDX0024 dolerite Hargraves Resources N.L. (146202) MLD109, 169<1 69.1m 45.1 2.33 15.9 9.81 10.9 0.17 7.33 10.75 2.4 1 .01 
GKH1 Errowan Monzonite Kovacs, G. 54.79 0.33 16.18 5.031 5.59 0.21 1.31 4.87 2.39 5.82 
GKH10 Errowan Monzonite Kovacs, G. 56.61 0.49 17.54 8.091 8.99 0.043 1.42 0.72 0.09 5.76 
GKH11 Errowan Monzonite Kovacs, G. 55.2 0.44 17.65 8.757 9.73 0.11 7 1.75 0.62 0.08 5.63 
GKH12 Errowan Monzonite Kovacs, G. DDHTPD1:153.1m 64.73 0.36 17.27 3.888 4.32 0.059 1.44 0.56 2.87 3.45 
GKH13 Errowan Monzonite Kovacs, G. 64.65 0.29 13.99 6.714 7.46 0.25 1.15 0.52 0.11 4.96 
GKH14 Errowan Monzonite Kovacs, G. DDHTPD1 :169.9m 64.01 0.25 17.48 2.925 3.25 0.043 0.59 0.4 4.41 6.16 
GKH15 Errowan Monzonite Kovacs, G. 55.45 0.4 18.04 7.272 8.08 0.148 1.45 0.63 0.31 6.25 
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Reg.No. P205 SrO Zr02 s H20 LOI Rest TOTAL Ag As Au Au (ppb) Ba Be Bi Br Cd Ce Co Cr Cr203 Cs Cu cuo 
BCRX0002 0.02 0.01 <0.01 0.39 0.3 27 <0.2 <0.2 68.2 1.7 468 118 
NH20 0.09 0.01 99.15 0.3 15.15 22.75 0.5 0.9 b.l.d. 79.2 9.5 21.9 b.l.d. 107.75 
69 0.09 0.04 0.17 99.81 14.8 b.l.d. 16 815 113 13 
70 0.1 2.00E-09 0.15 100.09 15.2 b.l.d. 16 850 107 12 
71 0.08 2.DOE-09 0.16 100.08 14.4 b.l.d. 20 705 88 11 
72 0.1 2.00E-09 0.14 99.89 15.8 b.l .d. 7 760 76 8 
73 0.09 0.2 0.17 100.13 15.4 b.l.d. 24 535 50 4 
74 0.1 2.00E-09 0.22 100.21 14.6 b.l .d. 20 1305 208 27 
NH12 0.36 0.02 98 0.5 118.65 224.65 b.l.d. 0.35 0.2 40.35 20.9 271.5 b.l.d. 274.05 
MLDX0023 0.14 0.04 0.02 1.92 <0.2 18 0.0045 0.3 <0.2 26.1 17.1 137 17 
89840023 0.24 b.l.d. 3.4 97.76 4 3.5 1134 3 <1 15 506 <1 80 
90840001 0.36 b.l.d. 3.62 99.95 3 9 925 2 1 23 320 <1 12 
90840003 0.3 b.l.d. 1.65 99.78 3 35 407 2 <1 20 98 2 64 
90840004 0.27 0.01 2.87 99.7 4 8 723 2 <1 7 225 2 130 
2408 0.23 0.04 <.01 1.69 99.94 
2440 0.43 0.07 0.01 3.27 99.9 
0917 0.34 0.06 0.01 1.55 100.02 
0918 0.38 0.08 0.02 1.37 100.01 
-
93844535 0.22 2.01 0.29 100.12 3.0 4.0 0.70 899.0 3.0 <2 44.0 11.0 <3 139.0 
66 0.1 2.00E-09 0.15 100 15.6 b.l.d. 17 660 88 9 
67 0.11 2.00E-09 0.15 99.83 15.6 b.l.d. 19 660 80 9 
68 0.13 2.00E-09 0.2 100.08 17.2 b.l.d. 20 1445 140 26 
RIK1 (91841001) 0.11 0.38 0.17 98.75 <0.5 423 41 b.l.d . 42 14 
IK2 (91841002) 0.09 0.35 0.17 98.44 0.5 462 40 b.l.d. 58 9 
IK3 (91841003) 0.11 0.37 0.17 98.77 1 489 38 b.l.d . 47 10 
IK40 (91841040) 0.1 0.41 0.18 98.7 1 137 33 b.l.d. 186 7 
RIK53 (91841053) 0.14 0.46 0.19 99.24 2 492 37 b.l.d. 137 14 
NH30 0.1 0.01 97.88 b.l.d. 12.6 439.3 b.l.d. 0.45 0.05 26.55 19.45 55.25 b.l.d. 15.25 
NH31 0.1 0.03 98.38 b.l.d. 16 461.3 0.2 0.35 0.05 24.2 20.35 57.9 b.l.d. 22.1 
NH37 0.097 0.0135 98.614 0.1 23.4 327.55 0.15 0.55 0.1 15.6 160.55 34.5 
NH39 0.0985 0.0055 99.1495 b.l.d. 1.8 422.85 0.3 0.55 0.2 20.3 37.85 6.1 
NH40 0.1115 0.0075 98.938 0.1 1.75 410 b.l.d. 0.45 0.2 25.8 46.65 12.4 
NH48 0.34 1.39 0.3 11 0.012 b.l.d. b.l.d. 23.9 96 23.7 2.5 
79620311 0.14 1.2 99.39 572 43 18 71 <5 
90844001 0.07 1.89 0.17 99.87 6 620 27 10 16 9 
CMRX067 0.03 1.68 0.2 12 b.l.d. 260 . 0.4 . b.l.d. b.l.d. 3.1 100 b.l.d. 41 
CMRX072 0.39 1.85 0.1 8 b.l.d. 650 . 0.2 . b.l.d. b.l.d. 22.5 60 b.l.d . 130 
CMRX097 0.24 1.75 0.1 18 b.l.d. 750 . 0.2 . b.l.d. b.l.d . 9.5 20 b.l.d. 94 
CARX073 0.45 0.08 1.48 0.3 8 0.007 137 0.7 0.2 0.1 24.3 100 <0.2 262 
MLDX0001 0.24 0.07 <0.01 1.26 <0.2 38 <0.2 <0.2 27.3 33.3 108 156 
MLRX0001 0.12 0.05 0.02 1.04 <0.2 22 0.001 0.3 <0.2 19.9 20.6 95 5 
MLDX0009 0.58 0.05 0.04 2.49 0.6 16 0.3 <0.2 76.6 37 168 62 
MLDX0024 0.43 0.04 0.03 3.58 0.7 16 0.002 0.3 <0.2 56.3 44.1 164 44 
GKH1 0.26 94.61 b.l.d. 62.6 35.9 b.l.d. 42.9 3.4 1.97 695 
GKH10 0.47 96.92 b.l.d. 339 638 b.l.d. 12.6 2.1 8.3 338 
GKH11 0.38 96.71 b.l.d. 265 228 b.l.d. 38.6 3.4 7.76 860 
GKH12 0.28 96.23 b.l.d . 24.7 17.1 b.l.d. 72.2 10.8 4 20 
GKH13 0.23 96.75 b.l.d. 61 43.7 b.l.d. 36.9 4.4 4.99 104 
GKH14 0.183 98.03 b.l.d. 11 1 9 b.l.d. 45.8 2.7 0.71 28 
GKH15 0.3 94.47 b.l.d. 372 60.8 b.Ld. 50 6.5 6.28 238 
' 
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Reg.No. Eu Fe2 Ga Gd (ppm) Ge Hf Ho (ppm) I In lr K K% La Li Lu Mn Mo Na Nb Nd Ni NiO p Pb 
BCRX0002 41 .3 2 5.8 15 7 
NH20 14.05 2.4 6.3 b.l.d. b.l.d. 21 .5 2.35 18.05 54.7 5.2 3.35 
69 59 18 55 4 119 36 19 275 
70 70 19 57 1 114 38 21 231 
71 52 17 51 1 114 44 16 224 
72 69 26 30 1.5 136 18 14 241 
73 174 24 16 3.5 151 56 13 254 
74 95 33 214 b.l.d. 70 56 85 202 
NH12 14.75 2.15 10.9 b.l.d. b.l.d . 15.1 1.5 19.9 18.75 188.85 2.85 
MLDX0023 12.8 0.6 5.2 24 5 
89840023 14 1 3 11 12 1315 <1 4 9 119 4 
90840001 15 2.5 1 11 10 1807 <1 3 9 78 5 
90840003 18 1.5 3 10 6 2234 <1 9 11 32 2 
90840004 15 1 2 12 6 1746 1 4 7 49 6 
2408 10 3 
2440 10 3 
0917 8 4 
~ 
-
-0918 8 2 
93844535 18.0 1.0 4.0 22.0 16.0 419.0 <2 9.0 17.0 7.0 5.0 
66 56 20 35 5.00E-08 130 39 15 212 
67 62 20 31 5.00E-08 138 42 13 214 
68 107 40 101 1 11 8 60 23 211 
RIK1 (91841001) 15 17 699 5 8 20 11 13 
IK2 (91841 002) 15 21 651 <2 7 18 15 12 
IK3 (91841003) 16 20 689 <2 6 17 14 10 
IK40 (91841040) 15 16 745 2 5 21 37 5 
RIK53 (91841053) 16 21 748 2 8 16 30 11 
NH30 14.3 1.45 5.7 b.l.d. b.l.d. 8.5 0.2 4.25 11 .35 15.35 5.95 
NH31 14.5 1.1 4.75 b.l.d. b.l.d. 7.2 b.l.d. 4 12.05 16.65 5.7 
NH37 13.85 1.6 4.9 6 0.2 3.8 9.7 32.75 4.95 
NH3~ 15.2 1.05 5.85 7.05 1.2 4.35 8.95 12.65 5.9 
NH40 14.8 1.05 5.85 7.9 0.65 4.75 10.4 13.95 4.8 
NH48 4 14.2 3 4.6 18 11 
79620311 41 4 7 24 8 
90844001 17 21 b.l.d. <2 4 12 8 5 
CMRX067 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 5 b.l.d. b. J.d. b.l.d. 7 52 b.l.d. 4 15 
CMRX072 b.l.d. b.l.d. b.l.d. b.l .d. b.l.d . . b.l.d. b.l.d. 3 b.l.d. b.l.d. b.l.d. 2.6 5.5 b.l.d. 9 10 
CMRX09? bl d . b.!.d. bld. b.l.d. bld . . b!,d. b.Ld. 4 b.!.d . b.Ld . b.Ld. 3.1 7 b.Ld. 10 10 
CARX073 10.6 3.1 0.6 0.5 18.4 1.9 813 0.8 2.1 15.8 41 5 
MLDX0001 14.6 1.9 4.4 24 3 
MLRX0001 15.7 0.5 6.9 19 7 
' 
MLDX0009 39.8 4.2 51 .9 70 6 
MLDX0024 27.4 2.9 32.7 137 5 
--GKH1 0.82 3.92 17 3.06 b.l.d. 38018.58 4.58 25.4 0.26 2040 b.l.d . 1.81 6 2 1134.64 34 
GKH10 b.l.d. 6.18 22 3.46 b.l.d. 35279.25 4.25 5.69 b.l.d. 385 7.6 0.053 12 4 2051.08 134 
GKH11 0.66 6.71 21 3.86 b.l.d. 33619.05 4.05 32 .1 0.23 1090 7.4 0.053 8 6 1658.32 196 
GKH1 2 1.21 3.07 21 2.68 b.l.d. 21499.59 2.59 41 0.21 585 b.l.d. 2.14 6 2 1221.92 12 
GKH13 0.71 5.1 18 2.74 b.l.d. 30713.7 3.7 20.4 0.24 2400 b.l.d. 0.069 6 2 1003.72 16 
GKH14 0.56 2.32 19 6.67 b.l.d. 34283.13 4.13 24.8 0.31 420 10 3.2 10 2 798.612 8 
I GKH15 0.94 5.83 24 4.21 b.l.d. 44410.35 5.35 30.5 0.4 1440 b.l.d. 0.215 10 6 1309.2 274 
Appendix 2 - Geochemical Data 4 
Reg.No. Pd (ppm) Pr Pt (ppb) Rb Rb20 Sb Sb (ppb) Sc se Sm Sn Sr Ta Te Th Ti Tl u v w y Yb Zn ZnO 
BCRX0002 <0.2 30.8 5 11 3.2 17.5 9 
NH20 5.4 1.85 10.8 9.55 b.l.d. 5.3 186.85 5.55 b.l.d. 5.65 b.l.d. 2.05 56.7 399.65 52 .55 34.8 
69 455 14 b.l.d. 61 8 8.8 22 5 6 17 
70 370 13 b.l.d . 77 11 9 22 4 6 15 
71 490 14 b.l.d. 106 16 11 .4 19 6 6.5 3 
72 365 13 b.l.d. 83 13 3.2 22 5 7.5 8 
73 405 20 b.l.d . 90 13 11 .8 16 4 8.5 14 
74 505 23 b.l.d. 64 13 9.8 50 b.l.d. 6.5 23 
NH12 b.l.d. 41 .8 6.85 26.55 0.1 3.9 371.75 b.l.d. b.l.d . 1.35 0.75 0.6 166.8 41.4 24.55 65.85 
MLDX0023 <0.2 3.2 0.7 143 0.8 20.6 62 
89840023 <1 27 34 1 <1 473 5 1 0.5 262 54 8 92 
90840001 2 34 32 <1 <1 266 2 1 0.5 261 86 16 87 
90840003 4 14 44 1 <1 565 3 <1 <.5 321 182 22 104 
90840004 2 24 b.l.d. <1 <1 482 1 1 0.5 318 182 25 86 
2408 12 
2440 16 
0917 16 
0918 15 
93844535 4.0 1.90 82.0 320.0 12.0 <1 <2 851.0 <2 9.0 4.5 110.0 22.0 21 .0 
66 415 16 b.l.d. 97 10 8.8 21 4 7.5 4 
67 415 17 b.l.d. 97 11 10.2 18 5 8 7 
68 460 30 b.l.d. 87 15 11.2 29 7 8.5 70 
RIK1 (91841001) 107 20 10 220 13 2 92 b.l.d. 25 64 
IK2 (91841 002) 104 18 4 213 11 0.5 100 b.l.d. 18 54 
IK3 (91841 003) 76 19 2 264 10 1 107 b.l.d. 22 56 
IK40 (91841 040) 13 24 3 597 9 2 133 b.l.d. 20 42 
RIK53 (91841 053) 84 22 3 282 8 1 92 b.l.d. 24 61 
NH30 b.l.d. 33.55 0.5 21.95 b.l.d. 0.45 405.6 4.8 b.l.d. 5.45 0.4 1.55 114.7 155.6 15.8 54.15 
NH31 b.l.d. 37.05 0.3 22.8 b.l.d. 0.4 373.1 3.35 b.l.d. 2.85 0.3 b.l.d . 11 4.55 163.8 13.8 55.45 
NH37 1.85 33.15 1 28.1 0.85 341.35 4.05 0.2 1.15 130.7 12.2 52.3 
NH39 0.85 32.15 0.2 19.85 0.3? 434.6 3.5 b.l.d. 1 106.05 11.9 50.35 
NH40 0.9 42.85 0.1 22.6 0.65 405.7 4.2 0.35 1 121.25 16.2 48.75 
NH48 b.l.d . 1.6 0.3237 0.8 172 0.9 10.8 74 
79620311 . 68 23 <5 229 7 <3 103 <5 20 45 
90844001 41 15 <2 389 6 2.5 69 4 17 36 
CMRX067 b.l.d. b.l.d. b.l.d. 115 b.l.d. b.l.d. 1 b.l.d. b.l.d. 120 b.l.d. b.l.d. 68 0.06 b.l.d. 22 b.l.d. b.l.d. 34 b.l.d. 26 
CMRX072 b.l.d. b.l.d. b.l.d . 55 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 950 b.l.d . b.l.d. 8 0.3357 b.l.d. 2.7 b.l.d. b.l.d. 17 b.l.d. 120 
CMRX097 bJd bJ d. b.Ld. 58 b.l.d b.Ld 0.5 b.Ld. b.l.d. 750 b,Ld. bJ.d. 7.5 0.2698 b.Ld. 2.5 bJd. bJ d. 15 b.l.d. 53 
CARX073 0.01 3 2.7 0.9 20.9 0.5 7.5 488 0.2 <0.2 1.8 3020 0.8 214 1.3 13.3 1.2 43 
MLDX0001 <0.2 2.4 1 230 2.7 21.4 78 
MLRX0001 <0.2 8.1 1.5 90 1.2 19.8 29 
MLDX0009 <0.2 4.9 1.4 196 1.5 39.4 61 
MLDX0024 <0.2 2 0.7 209 0.6 30.5 99 
GKH1 136 1.9 6.71 1.8 3.95 304 0.55 b.l.d. 9.5 1978.35 3.63 88 1.73 131 
GKH10 182 5.13 11 .3 b.l.d. 1.82 25 0.98 b.l.d. 11.7 2937.55 3.13 148 1.32 11 9 
GKH11 187 4.68 10.5 b.l.d. 2.43 99 0.65 b.l.d. 9.29 2637.8 4.42 150 1.59 146 
GKH12 97.4 1.66 9.45 b.l.d. 6.38 209 0 .9 b.l.d. 5.82 2158.2 3.87 136 1.69 109 
-GKH1 3 174 4.2 6.03 b.l.d. 3.28 42 0.59 b.l.d. 6.04 1738.55 b.l.d. 94 1.72 95.2 
GKH14 90.7 0.92 5.36 b.l.d. 3.79 301 1.15 b.l.d. 14.4 1498.75 6.26 60 2.22 72.5 
GKH 15 191 2.94 9.5 2 4.08 118 0.79 5.9 11.1 2398 3.89 146 2.6 879 
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Reg.No. Zr 
BCRX0002 125 
NH20 86.3 
69 3 
f- 70 1.8 71 1.8 
72 2 
73 2.8 
74 2.8 
NH12 194.3 
MLDX0023 26 
89840023 56 
90840001 37 
90840003 69 
90840004 32 
2408 -1 
2440 
0917 ! 
0918 
93844535 141.0 
66 1.4 
67 2.2 
68 2.8 
RIK1 (91841001) 126 
IK2 (91841002) 113 
IK3 (91841003) 129 
IK40 (91841040) 103 
RIK53 (91841053) 142 
NH30 94.35 
NH31 90.55 
NH37 85.35 
NH3~ 84 
NH40 86.95 
NH48 38 
79620311 134 
90844001 109 
CMRX067 410 
CMRX072 100 
CMRX097 100 
CARX073 17 
MLDX0001 46 
MLRX0001 35 
MLDX0009 214 
MLDX0024 176 
GKH1 116 
GKH10 130 
GKH11 148 
GKH12 100 
GKH13 1o4 I 
GKH14 252 
GKH15 164 I 
Append ix 2 - Geochemical Data 6 
Reg.No. Unit Source Location Si02 Ti02 Al203 FeOT Fe203 FeO MnO MgO CaO Na20 K20 
GKH16 Errowan Monzonite Kovacs, G. 60.98 0.32 16.91 4.608 5.12 0.081 1.4 2.1 9 5.19 5.67 
GKH17 Errowan Monzonite Kovacs, G. 59.37 0.35 17.22 4.95 5.5 0.097 1.53 2.45 4.87 6.44 
GKH18 Errowan Monzonite Kovacs, G. 49.61 0.68 18.65 10.494 11.66 0.2 4.31 4 5.26 1.64 
GKH19 Errowan Monzonite Kovacs, G. DDHTPD1 :220.15m 55.34 0.6 15.55 6.948 7.72 0.195 3.24 4.63 5.04 3.92 
GKH2 Errowan Monzonite Kovacs, G. DDHTPD1 :14.2m 49.1 0.51 15.53 9.297 10.33 0.32 3.07 5.09 4.04 2.14 
GKH20 Errowan Monzonite Kovacs, G. 59.15 0.4 17.03 5.31 5.9 0.121 2.07 3.11 5.21 5.44 
GKH21 Errowan Monzonite Kovacs, G. 54.69 0.37 16.2 5.148 5.72 0.167 2.5 5 .23 2.9 4.81 
GKH22 Errowan Monzonite Kovacs, G. 63.04 0.2 18.84 1.161 1.29 0.026 0.37 2.01 5.59 5.22 
GKH23 Errowan Monzonite Kovacs, G. 57.4 0.38 18.11 5.022 5.58 0.077 1.28 2.86 5.01 3.52 
GKH24 Errowan Monzonite Kovacs, G. 52.84 0.42 17.81 6.057 6.73 0.13 2.27 4.67 3.38 5.98 
GKH25 Errowan Monzonite Kovacs, G. 57.4 0.34 17.38 5.328 5.92 0.07 1.55 2.09 2.84 6.24 
GKH26 Errowan Monzonite Kovacs, G. 59.19 0.33 18.6 5.625 6.25 0.02 1.44 0.21 2.44 6.71 
GKH27 Errowan Monzonite Kovacs, G. 63.48 0.32 18.8 2.655 2.95 0.01 0.79 0.43 4.83 6.55 
GKH28 Errowan Monzonite Kovacs, G. 55.29 0.41 18.26 3.879 4.31 0.2 2.06 4.45 1.96 6.74 
GKH29 Errowan Monzonite Kovacs, G. 61.21 0.35 17.04 5.292 5.88 0.1 1.71 1.94 4.75 4.38 
GKH3 Errowan Monzonite Kovacs, G. 59.93 0.36 17.42 4.887 5.43 0.122 1.29 1.35 4.69 6.45 
GKH30 Errowan Monzonite Kovacs, G. DDHTPD2:223.4m 61.78 0.35 16.26 5.364 5.96 0.1 1.61 2.49 4.16 3.99 
--GKH31 Errowan Monzonite Kovacs, G. 63.07 0.34 17.4 3.114 3.46 0.1 1.21 2.35 4.42 5.07 
GKH32 Errowan Monzonite Kovacs, G. 64.84 0.37 18.42 3.96 4.4 0.09 1.36 0.84 0.21 6.4 
GKH33 Errowan Monzonite Kovacs, G. 690000E;6288050N 58.41 0.47 18.81 5.463 6.07 0.16 2.03 1.65 4.28 7.01 
GKH34 Errowan Monzonite Kovacs, G. 689800E;6289000N 51.65 0.53 12.33 8.532 9.48 0.28 9.26 8.12 1.67 2.21 
GKH35 Errowan Monzonite Kovacs, G. 687500E;6289000N 55.06 0.69 13.08 9.414 10.46 0.17 5.31 6.86 3.23 3.01 
GKH36 Errowan Monzonite Kovacs, G. 688000E;6289250N 54.34 0.59 13.4 8.262 9.18 0.2 6.83 5.12 2.31 1.91 
GKH37 Errowan Monzonite Kovacs, G. 688800E; 6289400N 58.16 0.61 17.48 6.579 7.31 0.1 2.13 2.16 4.01 6.03 
GKH38 Errowan Monzonite Kovacs, G. 688200E; 6288000N 70.29 0.37 16.25 2.088 2.32 0.02 3.35 0.45 0.81 0.98 
GKH39 Errowan Monzonite Kovacs, G. 688250E;6289150N 64.94 0.1 7 18.18 3.285 3.65 0.04 0.35 0.51 5.64 6.77 
GKH4 Errowan Monzonite Kovacs, G. 60.87 0.33 17.52 4.473 4.97 0.118 1.01 0.55 4.44 7.14 
GKH40 Errowan Monzonite Kovacs, G. 690000E;6288500N 66.72 0.39 17.03 2.349 2.61 b.l.d. 0.18 0.22 5.85 4.78 
GKH5 Errowan Monzonite Kovacs, G. 58.54 0.36 17.36 5.067 5.63 0.33 1.28 0.48 0.82 9.75 
GKH6 Errowan Monzonite Kovacs, G. 58.27 0.35 18.5 5.661 6.29 0.197 1.91 0.57 4.48 4.15 
GKH7 Errowan Monzonite Kovacs, G. 62 .33 0.32 15.79 5.895 6.55 0.38 0.47 0.47 1.97 4.5 
GKH8 Errowan Monzonite Kovacs, G. 68.64 0.29 14.47 3.987 4.43 0.038 0.72 0.37 1.09 4.79 
GKH9 Errowan Monzonite Kovacs, G. 57.64 0.48 17.61 5.247 5.83 0.073 0.74 2.06 4.87 5.84 
91844149 Errowan Monzonite Wyborn, D. 691800;6285000 51.72 0.51 13.46 8.388 3.02 5.67 0.13 8.24 8.30 2.62 2.93 
91844215 Errowan Monzonite Wyborn, D. 688300;6288200 55.86 0.48 17.54 6.125 3.95 2.57 0.16 2.64 5.81 4.21 3.89 
CARX074 gabbro Hargraves Resources N.L. 51 .35 0.57 13.27 10.476 11.64 0.2 7.59 8.58 3.84 0.2 
GARX001 Glen Ayr Syenite Hargraves Resources N.L. 6941 08;6280482 59.5 0.31 18.9 4.76 5.29 b.l.d. 0.15 1.16 1.74 4.61 6.17 
GARX002 G!en Ayr Syenite Hargraves Resources N.L. 694115;6280484 58.2 0.34 18.3 5.1 5.67 bJd. 0.16 1.21 1.97 4.66 6.52 
GARX003 Glen Ayr Syenite Hargraves Resources N.L. 693067;6282056 60.2 0.29 18.8 4.16 4.62 b.l.d. 0.14 0.87 1.64 4.49 7.87 
GARX004 Glen Ayr Syenite Hargraves Resources N.L. 693070;6282051 60.5 0 .315 18.9 4.25 4.72 b.l.d . 0.1 9 0.87 1.85 4.1 7.78 
BCRX0005 granodiorite Hargraves Resources N.L. (146201) 10380mRL, sth drive 62.6 0.43 15.78 5.436 6.04 0.1 2.85 5.23 3.77 1.17 
BCRX0006 granodior ite Hargraves Resources N.L. (146201) 1 0380mRL, sth drive 63.2 0.44 15.56 5.22 5.8 0.09 2.66 4.52 3.82 2.15 
MLDX0016 granodiorite Hargraves Resources N.L. (146202) MLD103, 283.7<283.9 62 .5 0.54 15.2 5.076 5.64 0.1 2 3.75 5.15 3.24 1.58 
2437 granodiorite Rangott & Bird, in Meldrum (1995) 60.5 0.45 16 6.282 6.98 0.12 3.98 6.73 3.33 0.66 
I 2438 granodiorite Rangott & Bird, in Meldrum (1995) 67.2 0.41 14 4.491 4.99 0.07 2.57 4.01 3.09 2.29 
I 0945 granodiorite Rangott & Bird, in Meldrum (1995) BCD36, 390.6m 65.2 0.39 15.2 4.473 4.97 0.07 2.45 4.19 4.16 2.28 
HRRX045 Halls Road Intrusive Hargraves Resources N.L. 695024;6283144 60.8 0.335 18 4.76 5.29 b.l.d. 0.09 0.96 1.54 4.19 6.41 
I HRRX046 Halls Road Intrusive Hargraves Resources N.L. 69501 7 ;6283024 60.7 0.265 18 4.42 4.91 b.l.d. 0.15 0.78 1.36 3.9 7.43 
I HRRX047 Halls Road Intrusive Hargraves Resources N.L. 6951 05;6282895 53 0.595 17.2 8.33 9.26 b.l.d. 0.19 3.54 6.5 3.06 3.54 
I HRRX048 Halls Road Intrus ive Hargraves Resources N.L. 695134 ;6282855 65.5 0.145 17.3 3.62 4.02 b.l.d. 0.07 0.29 1.19 5.58 5.23 
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Reg.No. P205 SrO Zr02 s H20 LOI Rest TOTAL Ag As Au Au (ppb) Ba Be Bi Br Cd Ce Co Cr Cr203 Cs Cu cuo 
GKH16 0.23 98.28 b.l.d. 5.28 104 b.l.d. 47.4 6.3 0.51 258 
GKH17 0.27 98.58 b.l.d. 8.63 214 b.l.d. 48.9 4.3 0.53 525 
GKH18 0.41 96.59 b.l.d. 4.95 194 b.l.d. 60.1 21 .6 1.56 1010 
GKH19 0.49 98.19 b.l.d. 10.5 110 b.l.d. 75.6 48.7 b.l.d. 515 
GKH2 0.46 94.5 b.l.d. 37.2 12.2 b.l.d. 69.1 2.2 1.7 188 
GKH20 0.31 98.85 b.l.d. 4.4 22.8 b.l.d. 48.5 17 0.6 114 
GKH21 0.27 94.47 b.l.d. 43.9 26.2 b.l.d . 39.4 18.2 3.31 178 
GKH22 0.016 97.21 b.l.d. 1.17 b.l.d. b.l.d . 39.1 b.l.d. 1.74 22 
GKH23 0.159 97.07 b.l.d. 6.3 8.7 b.l.d . 43.9 4.5 2.42 174 
GKH24 0.34 96.25 b.l.d . 14.7 11.8 b.l.d. 45.2 28.2 1.77 288 
GKH25 0.25 98.44 b.l.d. 29.8 21.8 b.l.d. 50.1 5.6 1.81 1800 
GKH26 0.14 100.06 b.l.d. 22.6 10.6 b.l.d. 26.6 3.3 1.77 106 
GKH27 0.21 100.58 b.l.d. 9.38 12.7 b.l.d. 26.7 8.5 1.23 46 
GKH28 0.32 96.04 b.l.d. 22 .8 42.6 b.l.d. 60.6 21.9 3.37 950 
GKH29 0.26 98.33 b.l.d. 1.11 8.4 b.l.d. 43.1 6.9 1.17 146 
GKH3 0.24 98.41 b.l.d. 9.83 11.9 b.l.d. 53.1 8.6 b.l.d. 488 
GKH30 0.24 97.23 b.l.d. 12.6 271 b.l.d. 45.7 6 1.4 1100 
GKH31 0.27 99.97 "bi<L 3.81 57.9 b.l.d. 42.7 5.7 1.5 2130 
GKH32 0.25 99.77 b.l.d . 6.13 25 .8 b.l.d. 23.5 5.9 5.96 260 
GKH33 0.45 99.34 b.l.d. 3.9 b.l.d. b.l.d. 52.4 b.l.d. 0.78 126 
GKH34 0.41 95.99 b.l.d. 25.9 b.l.d. b.l.d. 34.6 483 b.l.d. 128 
GKH35 0.22 98.09 b.l.d. 7.81 b.l.d. b.l.d. 16.1 132 0.51 102 
GKH36 0.24 94.12 b.l.d. 3.37 b.l.d. b.l.d. 20.9 236 b.l.d . 318 
GKH37 0.62 98.61 b.l.d. 3.22 b.l.d. b.l.d. 44.8 3.3 0.53 206 
GKH38 0.02 94.86 b.l.d. 161 b.l.d . b.l.d. 6.48 21.7 b.l.d. 18 
GKH39 0.08 100.33 b.l.d. 1.4 b.l.d. b.l.d. 50.2 b.l.d. b.l.d. 64 
GKH4 0.23 97.59 b.l.d. 7.65 8 b.l.d. 50.9 3.5 0.69 104 
GKH40 0.1 99.33 b.l.d. 13.1 10.4 b.l.d. 43.4 b.l.d. 0.59 38 
GKH5 0.25 97.58 b.l.d. 99.5 102 b.l.d. 59.4 4.9 2.03 134 
GKH6 0.25 96.61 b.l.d. 28.1 55.5 b.l.d. 61 .3 4.3 3.34 30 
GKH7 0.23 94.92 b.l.d. 11 3 28.8 l].l.d. 44.9 4.2 1.59 424 
GKH8 0.188 97.77 b.l.d. 150 35.4 b.l.d. 33 3.8 2.1 7 154 
GKH9 0.51 98.53 b.l.d . 79.9 33.3 b.l.d. 60.5 2.3 b.l.d. 845 
91844149 0.42 2.45 0.33 99.80 3.0 12.0 5.63 629.0 1.0 <2 37.0 33.0 403.0 <4 294.0 
91844215 0.33 1.73 0.34 99.51 3.0 2.0 2.32 967.0 2.0 <2 36.0 27.0 22.0 <4 144.0 
CARX074 0.37 0.06 2.19 <0.2 7 0.01 116 0.7 1.2 <0.1 35.1 197 0.2 42 
GARX001 0.21 1.21 <0.1 <3 b.l.d. 850 . <0.1 . b.l.d. b.l.d. 9 30 b.l.d. 25 
GARX002 0.23 1.2 <0.1 4 b.Ld. 850 . <0,1 . b.l .d. bJ.d 10 <20 b,l,d . 20 
GARX003 0.19 1.03 <0.1 20 b.l.d. 650 . <0.1 . b.l.d . b.l.d. 11.5 <20 b.l.d. 35 
GARX004 0.19 1.02 0.1 24 b.l.d. 800 . <0.1 . b.l.d, b.l.d. 8.5 <20 b.l.d . 36 
BCRX0005 0.13 0.05 0.01 1.66 <0.2 9 <0.2 <0.2 13.6 15.1 287 16 
BCRX0006 0.12 0.05 0.01 1.51 0.2 12 <0.2 <0.2 19.4 15.5 116 56 
MLDX0016 0.14 0.04 0.01 2.04 <0.2 277 0.16 0.4 <0.2 27 16.2 141 18 
2437 0.12 0.05 0.01 1.13 100.06 
2438 0.08 0.03 0.02 1.33 100.09 
0945 0.1 0.05 0.02 0.97 100.05 
HRRX045 0.18 0.99 <0.1 4 b.l.d. 1300 . <0.1 . b.l.d. b.l.d. 6.5 40 b.l.d . 10 
HRRX046 0.14 1.2 <0.1 4 b.l.d. 1300 . <0.1 . b.l.d . b.l.d. 6 40 b.l.d . 5 
HRRX047 0.44 2 0.1 14 b.l.d. 850 . <0.1 b.l.d. b.l.d. 25.5 40 b.l.d . 130 
HRRX048 0.05 0.64 <0.1 6 b.l.d. 220 . <0.1 . b.l.d. b.l.d. 3.7 _l()_ b.l.d. 36 
---
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Reg.No. Eu Fe2 Ga Gd (ppm) Ge Hf Ho (ppm) I In lr K K% La Li Lu Mn Mo Na Nb Nd Ni NiO p Pb 
GKH16 0.86 3.6 17 3.58 b.l.d. 35279.25 4.25 26.8 0.27 765 b.l.d. 3.85 8 2 1003.72 10 
-GKH17 1.16 3.9 18 3.1 b.l.d. 37520.52 4.52 28.6 0.24 925 b.l.d. 3.6 8 <2 1178.28 16 
GKH18 2.02 8.43 21 3.58 b.l.d. 10044.21 1.21 29.4 0.4 1890 b.l.d. 3.86 6 10 1789.24 8 
GKH19 1.53 5.72 20 5.21 b.l.d. 26231.16 3.16 44.5 0.33 1890 b.l.d. 3.81 10 14 2138.36 32 
GKH2 1 7.48 19 3.36 b.l.d. 15439.86 1.86 40.9 0.29 3080 b.l.d. 2.92 6 4 2007.44 16 
GKH20 0.98 4.31 18 3.04 b.l.d. 33204 4 28.3 0.23 1160 b.l.d. 3.85 8 6 1352.84 16 
GKH21 0.82 4.13 18 2.78 b.l.d. 32705.94 3.94 22.2 0.21 1650 b.l.d. 2.09 6 6 11 78.28 12 
GKH22 0.7 0.91 14 4.78 b.l.d. 32871.96 3.96 24.1 b.l.d. 255 b.l.d. 4.13 12 <2 69.824 12 
GKH23 1 3.97 19 4.44 b.l.d. 23491.83 2.83 27.5 b.l.d. 770 b.l.d. 3.68 10 <2 693.876 12 
GKH24 1.15 4.85 17 2.43 b.l.d. 38267.61 4.61 26.3 0.22 1130 b.l.d. 2.38 6 8 1483.76 24 
GKH25 0.64 4.19 14 3.2 b.l.d. 39844.8 4.8 33.7 0.22 635 b.l.d. 1.96 6 4 1091 10 
GKH26 b.l.d. 4.26 21 3.1 b.l.d. 36773.43 4.43 14.6 0.21 110 10.3 1.61 8 4 610.96 10 
GKH27 0.84 2.19 15 3.19 b.l.d. 43580.25 5.25 14 0.21 100 5.8 3.72 10 b.l.d . 916.44 10 
GKH28 1.19 3.09 18 2.5 b.l.d. 43248.21 5.21 35.9 0.26 1800 b.l.d. 1.36 6 6 1396.48 36 
GKH29 0.96 4.27 18 3.14 b.l.d. 26978.25 3.25 24.6 0.22 895 b.l.d. 3.38 8 4 1134.64 6 
GKH3 0.8 3.81 18 3.27 b.l.d. 39346.74 4.74 31.4 0.2 1210 b.l.d. 3.48 8 2 1047.36 22 
GKH30 0.9 4.23 17 3.16 b.l.d. 26895.24 3.24 25 0.24 855 b.l.d. 2.96 8 s 1047.36 10 
GKH31 1.04 2.42 17 3.05 bTd. 30713.7 3T 27.2 0.23 865 15.4 3.02 8 b.l.d. 11 78.28 18 
GKH32 b.l.d. 2.92 17 3.55 b.l.d. 37188.48 4.48 13.9 b.l.d. 765 b.l.d. 0.068 8 2 1091 346 
GKH33 1.14 4.28 17 2.78 b.l.d. 40176.84 4.84 30.6 0.24 1370 b.l.d . 3.16 6 b.l.d. 1963.8 20 I 
GKH34 1.07 6.96 13 1.49 b.l.d. 12036.45 1.45 19.1 0.21 2380 b.l.d. 1.14 4 154 1789.24 16 
GKH35 0.64 7.49 12 1.42 b.l.d. 18428.22 2.22 8.53 0.23 1430 b.l.d . 2.22 2 30 960.08 4 
GKH36 0.8 6.27 12 1.7 b.l.d. 9214.11 1.11 11.1 0.23 1750 b.l.d . 1.57 4 48 1047.36 2 
GKH37 1.15 5.12 16 2.37 b.l.d. 38433.63 4.63 25.3 0.27 850 b.l.d. 2.84 6 10 2705.68 8 
GKH38 b.l.d . 1.01 20 1.34 b.l.d. 3403.41 0.41 3.02 0.24 185 b.l.d. 0.353 4 6 87.28 2 
GKH39 b.l.d. 2.49 20 4.07 b.l.d. 40923.93 4.93 30.7 0.32 355 10 4.15 10 b.l.d. 349.12 10 
GKH4 0.77 3.54 19 4.23 b.l.d. 41255.97 4.97 29.9 0.27 1150 b.l.d . 3.28 12 4 1003.72 14 
GKH40 0.61 1.94 17 3.53 b.l.d . 38433.63 4.63 23 0.28 30 b.l.d . 4.36 12 b.l.d. 436.4 6 
GKH5 1.08 3.99 17 3.75 b.l.d. 59269.14 7.14 34 0.21 3290 b.l.d. 0.575 8 2 1091 142 
GKH6 1.31 4.38 21 3.75 b.l.d. 24819.99 2.99 35.8 0.26 1920 b.l.d . 3.25 8 2 1091 24 
GKH7 1.11 4.62 17 3.48 b.l.d. 26895.24 3.24 26.3 0.36 3710 b.l.d. 1.48 8 4 1003.72 24 
GKH8 0.63 3.17 19 2.89 b.l.d. 28306.41 3.41 18.3 b.l.d. 380 b.l.d. 0.808 8 4 820.432 100 
GKH9 1.48 4.09 20 2.59 b.l.d . 39346.74 4.74 33 0.25 700 b.l.d. 3.67 14 2 2225.64 74 
91844149 16.0 2.0 <2 20.0 20.0 1254.0 3.0 4.0 15.0 122.0 9.0 i 
91844215 18.0 2.5 4.0 23.0 13.0 1499.0 5.0 5.0 18.0 12.0 10.0 i 
CARX074 12.1 3.3 0.6 0.6 15.4 4 1380 0.6 1.2 15.6 70 28 I 
GARX001 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 5 b.l.d. b.l.d. b.l.d. 2.2 8.5 b.l.d. 4 15 ' 
GARX002 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . . b.l.d. b.l.d. 5 b.l.d. b.l.d. b.l.d . 3.4 8 b.l.d . 13 25 I 
GARX003 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 7 b.l.d. b.l.d. b.l.d. 4 6.5 b.l.d. 4 25 I 
GARX004 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . . b.l.d. b.l.d. 6 b.l.d. b.l.d. b.l.d . 3.1 5 b.l.d. <2 40 1 
BCRX0005 6.9 1.2 4.2 21 4 I 
BCRX0006 9.5 7.7 4.5 17 5 
MLDX0016 14 0.8 5.5 23 8 
2437 11 3 
2438 7 4 
0945 10 4 
HRRX045 b.l.d . b.l.d. b.l.d. b.l.d . b.l.d . . b.l.d . b.l.d . 5 b.l.d. b.l.d . b.l.d. 2.2 7 b.l.d. 4 10 
HRRX046 b.l.d . b.l.d . b.l.d. b.l .d. b.l.d . . b.l.d . b.l.d. 6 b.l.d. b.l.d. b.l.d. 2.4 7.5 b.l.d. 3 15 
I 
HRRX047 b.l.d. b.l.d . b.l.d. b.l.d. b.l.d . . b.l.d. b.l.d. 3 b.l.d. b.l.d. b.l.d. 3.2 4.5 b.l.d. 11 10 
HRRX048 b.l.d. b.l.d. b.l.d. b.l.d. b. I. d. . b.l.d. b.l.d. 4 b.l.d. b.l.d. b.l.d. 3.1 24.5 b.l.d. <2 15 I 
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Reg.No. Pd (ppm) Pr Pt (ppb) Rb Rb20 Sb Sb (ppb) Sc Se Sm Sn Sr Ta Te Th T i Tl u v w y Yb Zn ZnO 
GKH16 89.6 0.49 7.03 b.l.d. 3.91 680 0.95 b.l.d. 8.81 1918.4 2.93 84 1.73 761 
- GKH17 107 0.62 7.38 b.l.d. 4.03 695 0.92 b.l.d . 8.86 2098.25 3.39 80 1.64 90.6 
GKH1 8 50 0.57 25.8 b.l.d. 7.51 1160 b.l.d. b.l.d . 4.76 4076.6 b.l.d. 202 2.93 167 
GKH1 9 75.7 1.7 19.2 b.l.d. 6.98 840 0.92 b.l.d. 12.2 3597 2.85 174 2.09 169 
GKH2 69.5 1.16 14.8 4.3 5.73 420 0.73 b.l.d. 12.1 3057.45 3.15 206 1.95 169 
GKH20 95.7 0.97 10.3 b.l.d. 4.25 835 0.98 b.l.d. 6.96 2398 b.l.d. 110 1.67 112 
GKH21 107 1.04 10.4 b.l.d. 3.39 464 b.l.d. b.l.d. 6.68 2218.15 b.l.d. 120 1.33 138 
GKH22 97 0.41 1.72 b.l.d. 2.41 780 0.96 b.l.d. 5.21 1199 b.l.d. 14 0.74 62.8 
GKH23 84.6 0.57 6.15 2.8 2.81 565 0.99 b.l.d. 10.4 2278.1 3.24 66 1.04 91.7 
GKH24 108 0.72 9.58 b.l.d. 3.67 855 0.57 b.l.d. 6.48 2517.9 b.l.d. 104 1.46 88.4 
GKH25 146 0.97 7.69 b.l.d. 3.4 565 0.76 b.l.d. 8.36 2038.3 4.1 9 128 1.36 73 
GKH26 123 1.77 4.06 b.l.d. 2.08 290 0.72 b.l.d. 8.71 1978.35 2.32 58 1.16 65.9 
GKH27 114 0.69 5.18 b.l.d. 2.42 318 0.94 b.l.d. 9.07 1918.4 b.l .d. 46 1.5 85.4 
GKH28 141 1.43 8.77 b.l.d. 4.49 575 0.54 b.l.d. 6.8 2457.95 b.l.d . 100 1. 71 134 
GKH29 85.1 0.38 7.87 b.l.d. 3.45 940 0.76 b.l.d. 7.34 2098.25 2.52 102 1.56 80.4 
GKH3 108 0.91 7.33 b.l.d. 3.99 498 0.82 b.l.d. 7.96 2158.2 2.31 82 1.53 89.5 
GKH30 76.5 0.97 7.92 b.l.d. 3.8 520 0.86 b.l.d. 7.57 1 2~ ~~ b.l.d. 96 1.72 90 
GKHJ 1 109 o:74 7.34 b.l.d. 3.22 515 0.85 b.l.d. 8.21 2038.3 3.04 98 1.59 78.3 
GKH32 269 6.59 7.32 b.l.d. 2.1 76 0.86 5.3 7.82 2218.15 5.47 104 1.21 449 
GKH33 108 1.25 6.9 b.l.d. 4.13 910 0.61 b.l.d. 7.62 2817.65 b.l.d. 118 1.65 41 6 
GKH34 36.4 4.65 29 b.l.d. 3.63 885 b.l.d. b.l.d. 3.1 3177.35 b.l.d. 212 1.6 161 
GKH35 52.3 0.86 34.3 b.l.d. 2.67 421 b.l.d. b.l.d. 1.23 4136.55 b.l.d. 218 1.93 129 
GKH36 28.5 1.24 37.2 b.l.d. 3.16 324 b.l.d. b.l.d. 1.72 3537.05 b.l.d. 220 1.82 140 
GKH37 77.3 0.68 9.57 b.l.d. 4.03 375 0.51 b.l.d. 5.28 3656.95 b.l.d. 160 1.86 91 .8 
GKH38 15.8 5.93 6.41 b.l.d. 0.62 169 b.l.d. b.l.d. 2.17 2218.15 b.l.d. 224 1.08 52.5 
GKH39 146 0.35 3.32 b.l.d . 3.58 129 1.3 6 12.5 1019.15 5.63 4 2.1 1 61.8 
GKH4 123 0.67 6.58 b.l.d. 3.93 505 1.07 b.l.d. 14.6 1978.35 3.81 74 1.89 76.2 
GKH40 64.6 0.41 6.48 3.7 3.03 367 1.15 b.l.d. 5.65 2338.05 b.l.d. 12 1.81 b.l.d. 
GKH5 242 1.84 6.93 b.l.d. 4.35 313 0.77 b.l.d. 11.2 2158.2 4.05 76 1.57 208 
GKH6 113 1.5 7.41 b.l.d. 4.87 266 0.64 b.l.d. 8.94 2098.25 4.81 114 1.82 154 
GKH7 86.2 6.09 9.86 b.l.d. 3.68 785 0.64 6.2 7.92 1 91~.4 4.58 88 2.43 219 
GKH8 127 5.17 5.91 b.l.d. 2.69 176 0.83 b.l.d. 6.63 1738.55 4.25 82 1.37 372 
GKH9 86.3 2.91 12.7 b.l.d. 5.42 710 0.94 b.l.d. 8.81 2877.6 2.06 122 1.82 11 1 
91844149 7.0 11.00 46.0 1530.0 26.0 <1 <2 803.0 2.0 4.0 2.5 219.0 <3 13.0 67.0 
91844215 5.0 4.09 74.0 <100 14.0 <1 4.0 1059.0 <2 4.0 1.0 146.0 <3 18.0 74.0 
CARX074 0.01 5 8.3 0.9 29.9 <0.5 1.7 492 0.3 <0.2 0.9 3350 0.3 274 1.5 14.7 1.3 83 
GARX001 b.l.d. b.l.d. b.l.d. 60 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 650 b.l.d. b.l.d. 8 0.1858 b.l.d. 2.8 b.l.d. b.l.d. 11 b.l.d. 96 
GARX002 b.Ld. b.Ld. b.!.d. 84 b.l.d. b.l.d. <0.5 b.l.d . b.!.d . 650 b.l.d . b.l.d . 9 0.2038 b.l.d . 2.9 b.!.d . b.l.d . 13.5 b.l.d . 120 
GARX003 b.l.d. b.l.d. b.l.d. 81 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 400 b.l.d. b.l.d. 5 0.1739 b.l.d. 1.75 b.l.d. b.l.d. 11 b.l.d. 89 
GARX004 b.l.d. b.l.d. b.l.d . 90 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 500 b.l.d. b.l.d. 4.6 0.1888 b.l.d. 1.75 b.l.d. b.l.d. 8.5 b.l.d. 170 
BCRX0005 <0.2 2.7 1.1 102 1.4 9 44 
BCRX0006 <0.2 3.5 1.3 107 1.8 11.6 45 
MLDX0016 <0.2 4.4 0.9 110 1 13.9 56 
2437 12 
2438 9 
0945 11 
HRRX045 b.l.d. b.l.d. b.l.d. 75 b.l.d. b.l.d. <0.5 b.l.d. b.l.d . 370 b.l.d. b.l.d. 7 0.2008 b.l.d. 2.4 b.l.d. b.l.d. 17 b.l.d . 67 
I 
HRRX046 b.l.d. b.l.d . b.l.d. 86 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 460 b.l.d. b.l.d. 8 0.1589 b. l.d. 2.9 b.l.d. b.l.d. 16.5 ~ 75 
HRRX047 b.l.d. b.l.d. b.l.d. 46.5 b.l.d . b.l.d. <0.5 b.l.d. b.l.d. 1200 b.l.d. b.l.d. 5 0.3567 b.l.d. 2 b.l.d. b.l.d. 17.5 b.l.d. 91 
HRRX048 b.l.d. b.l.d. b.l.d. 56 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 160 b.l.d. b.l.d. 14 0.0869 b.l.d. 3.1 b.l.d. b.l.d. 10.5 b.l.d. 31 I 
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Reg.No. Zr 
GKH16 138 
GKH17 114 
GKH18 124 
GKH19 184 
GKH2 118 
GKH20 118 
GKH21 102 
GKH22 184 
GKH23 172 
GKH24 94 
GKH25 120 
GKH26 124 
GKH27 118 
GKH28 100 
GKH29 116 
GKH3 120 
GKH30 116 
GKH31 118 
GKH32 136 
GKH33 112 
GKH34 50 
GKH35 48 
GKH36 54 
GKH37 84 
GKH38 86 
GKH39 166 
GKH4 154 
GKH40 120 I 
GKH5 136 I 
GKH6 
GKH7 
148 -1 
134 -1 
GKH8 106 I 
GKH9 100 I 
91844149 63.0 
91844215 95.0 
CARX074 15 
GARX001 90 
G.A.RX002 60 
GARX003 40 
GARX004 40 
BCRX0005 28 
BCRX0006 26 
MLDX0016 22 
2437 
2438 
0945 
HRRX045 80 
HRRX046 80 
HRRX047 50 
HRRX048 210 
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Reg.No. Unit Source Locat ion SiD2 TiD2 AI2D3 FeDT Fe2D3 FeD MnD MgD CaD Na2D K2D 
HRRX049 Halls Road Intrusive Hargraves Resources N.L. 694263;6282818 68.1 0.155 16.2 2.04 2.27 b.l.d. <0.01 0.08 0.35 4.86 5.7 
HRRX050 Halls Road Intrusive Hargraves Resources N.L. 694155;6283141 67.3 0.135 16 3.54 3.93 b.l.d. O.o2 0.11 0.34 4.61 5.49 
IK4 (91841 004) Long Hill Phase Kjolle (1997) 700200;6287600 59.91 0.48 15.55 5.974 0.96 5.1 1 0.1 5.08 6.91 2.97 0.93 
RIK5 (91841005) Long Hill Phase Kjolle (1997) 700300;6287300 60.81 0.53 15.37 5.914 0.96 5.05 0.1 4.5 6.51 3.16 1.03 
IK6 (91841006) Long Hill Phase Kjolle (1997) 700700;6287200 65.84 0.46 14.48 4.196 1.34 2.99 0.05 3.32 3.98 3.57 1.65 
IK7 (91841007) Long Hill Phase Kjolle (1997) 7001 00;6288200 61.6 0.45 15.31 5.437 1.13 4.42 0.09 3.81 5.98 3.53 1.46 
IK8 (91841008) Long Hill Phase Kjolle (1997) 700200;62881 00 60.48 0.48 15.28 5.81 0.9 5 0.09 3.86 6.22 3.62 1.44 
IK9 (91841009) Long Hill Phase Kjolle 1997) 700400;6287900 60.47 0.46 15.58 5.877 1.13 4.86 0.09 4.4 6.89 3.39 0.75 
IK10 (91841010) Long Hill Phase Kjolle 1997 700200;62881 00 63.23 0.43 15.14 3.702 0.88 2.91 0.06 2.44 4.84 4.13 2.1 
IK11 (91841011) Long Hill Phase Kjolle 1997 700300;6288000 59.9 0.45 13.6 5.017 0.53 4.54 0.07 3.95 8.19 3.54 1.51 
IK12 (91841012) Long Hill Phase Kjolle 1997 700400;62881 00 64.08 0.46 14.19 1.716 0.24 1.5 0.02 3.32 9.88 3.77 0.47 
RIK51 (91841051) Long Hill Phase Kjolle 1997 699700;6288300 60.71 0.46 14.9 5.7 0.8 4.98 0.09 4.97 6.62 3.08 1.24 
RIK52 (91841 052) Long Hill Phase Kjolle (1997 700300;6288000 61.45 0.46 15.2 5.647 0.63 5.08 0.08 3.91 6.08 3.5 1.42 
92844438 Mine Dyke Group AGSO, in Meldrum (1995) 55.63 0.63 17.08 7.041 4.09 3.36 0.1 2 3.38 6.03 4.01 3.53 
BCRX0019 Mine Dyke Group Hargraves Resources N.L. 10285mRL-SW (late granite) 63.43 0.46 14.13 5.211 5.79 0.1 4.26 5.69 3.36 1.53 
BCRX020 Mine Dyke Group Hargraves Resources N.L. 10285mRL-SW (orezone granite) 61.92 0.48 14.78 5.571 6.19 0.1 4.36 5.85 3.24 1.33 
MLDX0004 Mine Dyke Group Hargraves Resources N.L. (146201) MLRCD009, 374<374.25m 57.2 0.33 14.45 6.777 7.53 0.14 5.78 7.98 3.59 1.7 
MLDX0018 Mine Dyke Group Hargraves Resources N .L. (146202) MLD103, 419.2<419.4m 49.8 0.44 12.1 3.798 4.22 0.14 4.86 23.75 -o.2 0.07 
NH1 Mine Dyke Group Kovacs 10592mRL 76.78 0.13 11.92 0.756 0.84 0.01 0.2 0.75 2.82 5.54 
NH10 Mine Dyke Group Kovacs 10592mRL 77.09 0.1 12.25 0.504 0.56 b.l.d. 0.15 1.59 3.48 4.35 
NH15 Mine Dyke Group Kovacs 10592mRL 75.06 0.18 12.51 1.467 1.63 0.02 0.68 1 .48 3.38 4.43 
NH2 Mine Dyke Group Kovacs 10592mRL 65.34 0.37 14.15 2.781 3.09 0.06 2.09 7.06 5.39 2.42 
NH25 Mine Dyke Group Kovacs 10450mRL 60.35 0.49 14.45 5.157 5.73 0.09 4.45 7.26 3.46 2.18 
NH29 Mine Dyke Group Kovacs 10450mRL 59.64 0.54 14.86 6.093 6.77 0.11 4.84 6.53 3.49 1.56 
NH33a Mine Dyke Group Kovacs Float; 10450mRL 61.77 0.49 13.61 4.779 5.31 0.08 4.7 6.17 3.75 2.89 
NH33b Mine Dyke Group Kovacs Float; 10450mRL 62.03 0.49 13.91 4.941 5.49 0.08 4.61 6.04 3.52 2.01 
NH36 Mine Dyke Group Kovacs HD7B, 357m 64.0555 0.447 15.217 4.72185 5.2465 0.08 2.7145 5.3355 4.1745 1.406 
NH38 Mine Dyke Group Kovacs HUD183, 200m 59.151 0.528 14.0835 6.3234 7.026 0.12 6.5695 6.079 3.2565 1.641 
NH41 Mine Dyke Group Kovacs HUD183, 262.3m 60.288 0.534 14.977 5.7708 6.412 0.1145 4.0785 6.784 3.6595 1.7005 
NH43 Mine Dyke Group Kovacs 10577mRL 76.8275 0.075 12.2275 0.5256 0.584 0.005 0.097 0.8375 3.445 5.1465 
NH8 Mine Dyke Group Kovacs 10592mRL 75.28 0.15 12 0.90.9 1.01 0.01 0.39 2.43 2.62 5.5 
2441 Mine Dyke Group Rangott & Bird, in Meldrum (1995) 60.4 0.39 14.3 3.987 4.43 0.06 3.15 10.9 4.89 0.62 
0920 Mine Dyke Group Rangott & Bird, in Meldrum (1995) HD4, 470.14m 60.2 0.47 16.5 5.814 6.46 0.11 3.24 4.66 3.82 3.14 
0930 Mine Dyke Group Rangott & Bird, in Meldrum (1995) BCKD<1102, 104.98m 60.3 0.42 14.1 5.103 5.67 0.09 4.21 6.96 4.18 2.81 
0954B Mine Dyke Group Rangott & Bird, in Meldrum (1995) HD12, 251.1m 62.5 0.48 15.4 4.689 5.21 0.08 2.86 5.28 3.85 2.85 
MLDX0008 monzodiorite Hargraves Resources N.L. (146201) MLRCD010, 352.33<352.48m 54.1 0.55 14.46 6.741 7.49 0.12 3.95 10.35 4.1 5 1.53 
0922 monzodiorite Rangott & Bird, in Meldrum (1995) HD4, 487.59m 51.6 0.68 16 10.8 12 0.19 4.88 8.27 4.25 0.79 
0945A monzodiorite Rangott & Bird, in Meldrum £1995) BCD36, 390.6m 46.4 1.93 16.6 8.865 9.85 0.15 9.15 8.81 2.37 1.07 
0947 monzodiorite Rangott & Bird, in Meldrum (1995) HD10, 292.5m 49.3 0.47 19.4 7.83 8.7 0.11 6.21 8.25 3.17 1.68 
0948 monzodiorite Rangott & Bird, in Meldrum (1995) Open cut - dyke 'A' 5 1.5 0.54 14.2 8.766 9.74 0.15 6.89 7.39 2.53 3.91 
0949 monzodiorite Rangolt & Bird, in Meldrum (1995) Open cut - dyke 'B' 49.5 0.55 13.4 10.71 11 .9 0.1 7 8.48 8.08 2.68 2.46 
0954A monzodiorite Rangott & Bird, in Meldrum (1995) HD12, 251 .1m 48.8 0.98 14.8 13.05 14.5 0.19 6.54 8.13 2.9 1.04 
2409 Monzonite Rangolt & Bird, in Meldrum (1995) 53.1 0.72 16.7 8.559 9.51 0.14 4.28 7.47 3.21 2.3 
BCDX0002 Porphyritic Monzonite Hargraves Resources N.L. BCRCD032, 366<367.3m 49.42 0.53 12.21 9.396 10.44 0.19 9.32 9.29 2.8 2.21 
BCDX0003 Porphyritic Monzonite Hargraves Resources N.L. DEX3, 1092<1093m 52.12 0.56 14.34 8.829 9.81 0.18 6.17 7.87 2.94 3.69 
BCRX0018 Porphyritic Monzonite Hargraves Resources N.L. 1040DmRL 58.4 0.48 16.9 6.669 7.41 0.13 2.69 6.4 3.34 2.76 
CMRX207 Porphyritic Monzonite Hargraves Resources N.L. 55.34 0.5 17.31 6.759 7.51 0.15 3.45 5.94 3.66 3.85 
CMRX208 Porphyritic Monzonite Hargraves Resources N.L. 51 .84 0.51 13.96 8.244 9.16 0.19 7.25 8.26 2.61 2.85 
I DHRX005 Porphyritic Monzonite Hargraves Resources N.L. 54.47 0.49 15.81 7.623 8.47 0.1 5 4.42 5.86 3.29 4.5 GARX040 Porphyritic Monzonite Hargraves Resources N.L. 53.87 0.57 17.73 7.371 8. 19 0.14 2.67 5.2 3.96 4.85 
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Reg.No. P205 SrO Zr02 s H20 LOI Rest TOTAL Ag As Au Au (ppb) Ba Be Bi Br Cd Ce Co cr Cr203 Cs cu cuo 
HRRX049 0.03 0.89 0.1 6 b.l.d. 130 . <0.1 . b.l.d. b.l.d. 1.2 50 b.l.d . 15 
HRRXOSO 0.05 1.2 0.1 12 b.l.d. 180 . 1.2 . b.l.d. b.l.d . 2.7 90 b.l.d . 5 
IK4 (91841 004) 0.12 0.56 0.18 98.86 2 311 29 b.l.d. 176 64 
RIKS (91841005) 0.13 0.56 0.19 98.9 4 334 19 b.l.d. 146 62 
IK6 (91841006) 0.1 0.33 0.18 98.29 3.5 480 27 b.l.d. --138 19 
IK7 (91841007) 0.1 0.48 0.18 98.54 34.5 370 19 b.l.d. 88 19 
IK8 (91841008) 0.11 0.42 0.15 98.05 13.5 398 23 b.l.d. 86 42 
IK9 (9 1841009) 0.11 0.53 0.17 98.83 9 282 17 b.l.d. 108 25 
IK10 (91841010) 0.1 0.3 0.2 96.76 21 573 25 b.l.d. 56 156 
IK11 (91841011) 0.1 0.47 0.22 97.07 13.5 401 20 b.l.d. 155 422 
IK12 (91841012) 0.09 0.16 0.15 98.33 16 104 20 b.l.d . 107 2 
RIK51 (91841051) 0.1 1 0.55 0.2 98.71 5 333 20 b.l.d. 278 29 
RIK52 (91841052) 0.1 0.53 0.2 98.64 71 419 17 b.l.d. 161 68 
92844438 0.34 b.l.d. 1.53 0.31 107.86 
BCRX0019 0.1 2 0.04 0.96 <0.2 8 0.01 7 314 0.7 <0.2 <0.1 15.8 109 1.2 52 
BCRX020 0.13 0.04 1.3 <0.2 18 0.01 324 0.8 0.3 0.1 17.1 109 2 64 
MLDX0004 0.12 0.05 <0.01 1.04 <0.2 25 <0.2 <0.2 18.1 21.8 200 32 
MLDX0018 0.19 0.04 0.01 4. 11 <0.2 39 0.006 0.4 <0.2 37.1 15.7 165 5 
NH1 0.01 0.01 99.01 b.l.d. 46.5 491.85 3.55 0.7 0.1 27.05 2.35 3.1 1.75 8 .2 
NH10 0.01 0.01 99.6 b.l.d. 8.75 495.65 0.8 1 0.05 16.05 2.2 0.8 1 6.85 
NH15 0.02 0.01 99.41 b.l.d. 24.5 647.5 0.5 0.7 0.5 39.05 4.25 19.5 0.95 85.45 
NH2 0.06 0.02 100.05 0.05 23.2 691.45 0.2 0.5 b.l.d. 22.1 13.75 66.9 0.2 162.45 
NH25 0.11 0.02 98.59 0.1 32.65 672.35 b.l.d. 0.4 0.1 23 23.15 158.95 b.l.d. 151.45 
NH29 0.13 0.01 98.48 0.2 19.35 336.05 0.15 0.55 0 .1 5 25.1 25.25 169.7 b.l.d. 114.45 
NH33a 0.11 0.04 98.92 0.4 30.65 5.14 0.4 0.3 0.1 30.95 23.8 173.4 b.l.d. 402.7 
NH33b 0.1 1 0.02 98.32 0.3 28.85 354.65 0.2 0.55 0.15 30.4 25.34 170.75 b.l.d. 254.45 
NH36 0. 107 0.007 98.962 0.1 22.25 372.15 0.4 0.7 0.2 27.5 39.9 22.8 
NH38 0.1 105 0.0055 98.7835 b.l.d. 17 313.85 0.15 0.7 0.2 18.15 376.05 7.4 
NH41 0.12 0.007 98 .8705 0.05 17.6 430.5 b.l.d. 0.85 0.1 20.3 137.15 12.15 
NH43 0.0065 0.0075 99.354 0.05 19 189.8 0.6 0.85 0.1 62.35 0.25 86.4 
NH8 0.02 0.01. 99.42 0.5 7.5 631.8 0.6 1.05 0.5 29.65 3.05 10.9 0.55 87.45 
2441 0.11 0.03 0.01 0.77 100.06 
0920 0.12 0.06 0.02 1.12 99.92 
0930 0.1 0.03 0.02 1.12 100.01 
09548 0.11 0.04 0.01 1.29 99.96 
MLDX0008 0.18 0.04 <0.01 2.92 <0.2 34 0.2 <0.2 20 .3 20.6 168 17 
0922 0.38 0.06 0.01 0.9 100.01 
0945A 0.4 0.05 0.03 2.98 99.79 
0947 0.18 0.07 0.01 2.3 99.85 
0948 0.48 0.11 0.01 2.53 99 .98 
0949 0.4 0.09 0.01 2.21 99.93 
0954A 0.44 0.07 0.01 1.58 99.98 
2409 0.3 0.07 0.01 2.26 100.07 
BCDX0002 0.45 0.08 2.64 <0.2 10 0.004 397 1.1 0.2 0.2 37.4 350 2 189 
BCDX0003 0.48 0.1 1.35 <0.2 277 0.041 571 1.2 0.5 0.2 27.3 136 1.5 196 
BCRX0018 0.28 0.1 0.94 0.5 11 0.013 <0.2 23.1 19 101 161 
CMRX207 0.53 0.12 1.48 <0.2 21 0.031 804 1.4 0.3 0.2 17.3 82 0.7 164 
CMRX208 0.43 0.08 2.68 <0.2 9 0.007 658 1.3 0.6 0 .1 30.1 223 0.8 138 
DHRX005 0.5 0.13 1.68 <0.2 14 0.046 804 1.9 1.6 0.3 38 105 0.3 170 
GARX040 0.61 0.15 1.46 0.6 16 693 1.4 1.9 0. 1 15.6 43 0.9 485 
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Reg.No. Eu Fe2 Ga Gd (ppm) Ge Hf Ho(ppm) I In lr K K% La Li Lu Mn Mo Na Nb Nd Ni NiO p Pb 
HRRX049 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 5 b.l.d. b.l.d. b.l.d. 3.8 20 b.l.d. 2 <5 
HRRX050 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d . 5 b.l.d . b.l.d. b.l.d . 4.7 43.5 b.l.d . 3 10 
IK4 (91841004) 15 10 966 2 2 9 41 6 
RIK5 (91841005) 15 12 939 3 3 10 33 7 
IK6 (91841006) 14 15 496 2 4 15 27 5 
IK7 (91841007) 15 13 888 2 3 11 23 5 
IK8 (91841008) 12 12 923 4 4 12 23 4 
IK9 (91841009) 13 8 943 3 2 7 27 3 
IK10 (91841010) 12 11 573 <2 4 13 18 5 
IK1 1 (91841011) 13 9 644 6 4 9 35 7 
IK12 (91841012) 13 9 255 4 4 10 25 2 
RIK51 (91841051) 15 12 912 3 3 10 58 5 
Rl K52 (91841 052) 15 11 836 <2 4 10 40 2 
92844438 
- BCRX0019 11 .4 2.5 0.8 0.5 14.8 9.6 625 1.6 4.3 12.4 39 6 
BCRX020 14.2 6 1.1 1.1 38.6 8 659 0.9 5.1 32.4 40 9 
MLDX0004 I 10.3 1.4 2.6 46 4 
MLDX0018 18.2 1.2 6:8 22 10 
NH1 10.45 0.95 5.95 b.l.d. b.l.d. 10.2 b.l.d. 3.25 9.55 1.2 15.45 
NH10 12.1 0.5 8.1 b.l.d. b.l.d. 2.2 0.5 5.45 8.15 b.l.d. 3.55 
NH15 12.15 0.6 6.8 b.l.d. b.l.d. 12.2 0.3 5.5 15 3.05 8.75 
NH2 10.7 1.2 7.5 b.l.d. b.l.d. 2.05 1.15 3.45 14.35 12.05 2.75 
NH25 13.65 1.5 4.25 b.l.d. b.l.d. 3.75 0.55 4.35 14 37 3.85 
NH29 14.95 1.55 4.15 b.l.d. b.l.d. 9.2 0.5 4.65 12.35 36.05 4.6 
NH33a 12.7 1.4 4.4 b.l.d. b.l.d . 8.15 0.6 4.9 14.45 35.9 3.65 
NH33b 13.6 1.2 8.35 b.l.d. b.l.d. 9.75 0.35 4.95 15.1 39 6.45 
NH36 14.5 1 6.8 10.15 0.75 4.7 12.05 11.3 5.2 
NH38 13.55 1.45 6.4 6.7 0.45 3.6 6.15 109.3 6.1 
NH41 14.6 1.55 6.55 6.25 0.2 4.65 11.65 34.55 6.45 
NH43 11.45 0.95 6.8 32.95 0.55 4.45 14.95 b.l.d. 8.4 
NH8 11.35 b.l.d. 6.9 b.l.d. b).d. 3.5 1.85 5.6 12.8 1.35 3.6 
2441 14 4 
0920 8 3 
0930 12 4 
09546 10 4 
MLDX0008 11.8 1.4 3.9 33 4 
0922 14 3 
0945.1\ 23 21 
0947 11 2 
0948 23 4 
0949 21 3 
0954A 13 5 
2409 13 8 
BCOX0002 12.6 3.6 1.3 0.6 20.9 13.4 1300 1.5 3.2 18.7 105 29 
BCOX0003 13.7 3.9 1.1 0.6 25.5 13.2 1250 3.9 4.4 20.8 49 20 
BCRX0018 12.1 10 8.8 5.4 11 2.4 
CMRX207 17.1 7.5 2.2 1 79.9 11 .8 1070 2.9 9 47.9 43 14 
CMRX208 14.7 4.7 1.8 0.7 36.4 19.8 1380 0.8 5 25.7 91 15 
DHRX005 14.7 4.8 1.8 0.7 39.1 10.5 1030 2.8 5.7 26 36 50 
GARX040 16.9 6 .3 1.9 0.8 71.3 8.8 950 3 5.1 40.7 17 17 
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Reg.No. Pd (ppm) Pr Pt (ppb) Rb Rb20 Sb Sb (ppb) Sc Se Sm Sn Sr Ta Te Th Ti T l u v w y Yb Zn ZnO 
HRRX049 b.l.d. b.l.d. b.l.d. 105 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 110 b.l.d. b.l.d. 16 0.0929 b.l.d. 6 b.l.d. b.l.d. 20 b.l.d . 8 
HRRX050 b.l.d. b.l.d. b.l.d. 160 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 115 b.l.d. b.l.d. 64 0.0809 b.l.d. 18.5 b.l.d. b.l.d. 38 b.l.d . 36 
IK4 (91841004) 31 28 <2 352 4 <0.5 151 b.l.d. 14 62 
RIK5 (91841005) 26 25 <2 435 3 <0.5 164 b.l.d. 17 67 
IK6 (91841006) 44 16 3 318 8 1 100 b.l.d. 18 31 
IK7 (91841007) 36 25 <2 410 4 <0.5 149 b.l.d . 15 58 
IK8 (91841008) 37 23 <2 418 4 <0.5 164 b.l.d . 14 56 
IK9 (91841009) 16 28 <2 469 3 <0.5 159 b.l .d. 14 65 
IK10 (91841010) 46 16 <2 426 7 1.5 101 b.l.d . 17 39 
IK11 (91841011) 33 23 3 349 4 1.5 121 b.l.d. 15 46 
IK12 (91841012) 13 20 <2 555 6 1.5 101 b.l.d. 18 19 
RIK51 (91841051) 34 26 <2 355 5 <0.5 145 b.l.d. 15 59 
RIK52 (91841 052) 37 25 <2 420 3 1 158 b.l.d. 14 58 
92844438 
BCRX0019 0.002 1 44.4 0.5 14.7 <0.5 1.4 255 0.4 <0.2 5.8 2590 1.8 109 3.4 12.8 1.2 52 
BCRX020 0.002 1 72.3 0.7 30.2 <0.5 1.5 344 0.8 <0.2 12.2 2850 3.4 124 1.1 33.7 2.3 61 
MLDX0004 <0.2 6.1 1.8 139 0.9 11.2 44 
MLDX0018 <0.2 6:4 1.6 97 1 19.3 55 
NH1 0.45 116.75 1.2 2.5 b.l.d. 0.3 104.1 2.95 b.l.d. 10.15 0.15 b.l.d. 10.4 310.75 9.9 9.55 
NH10 b.l.d. 82.6 0.75 2.2 b.l.d. 0.9 213.45 2.8 b.l.d. 18.9 b.l.d. 6.2 4.2 536.1 14.25 9.3 
NH15 0.5 119.4 1 6.15 b.l.d. 1.95 140.15 b.l.d. b.l.d. 14.55 b.l.d. 4.2 24 .2 402.15 18.3 16.65 
NH2 b.l.d. 32.35 2.4 9.9 b.l.d. 3.1 229.35 b.l.d. b.l.d. 4.1 b.l.d. b.l.d. 59.75 170 13.8 24.55 
NH25 b.l.d. 50.35 1.4 28.2 b.l.d. 0.65 384.8 b.l.d. b.l.d. 3.7 0.45 0.6 130.9 109.95 14.45 49.2 
NH29 b.l.d. 46.2 1.05 32.9 1 0.55 409.4 b.l.d. b.l.d. 3.15 0.45 0.55 149.95 89.7 16.1 59 
NH33a b.l.d. 68.45 1.5 30.15 0.3 0.8 294.35 b.l.d. b.l .d. 3.9 0.45 b.l.d. 129.3 112.7 20.8 49.25 
NH33b b.l.d. 49.4 0.25 29.3 b.l.d. 0.9 429.75 b.l.d. b.l.d. 3.9 0.25 1 131.45 161.15 21.05 41.1 
NH36 0.65 30.1 0.8 20 0.75 506 6.2 0.2 1.85 97.7 15.55 55.3 
NH38 b.l.d. 36.85 0.05 27.9 0.3 356.15 4.15 0.45 1.05 140.95 14.35 74.35 
NH41 b.l.d. 42.35 0.25 26.05 1.1 478.3 4.6 0.3 1.5 119.15 14.95 64 
NH43 1.5 133.65 1 2.25 0.75 63.95 22.85 b.l.d. 3.95 2.75 13.45 10.1 5 
NH8 b.l.d. 102 .. 3 0.5 3.05 b.l.d. 1.25 197.95 3.1 b.l.d. 18.4 b.l.d. 5.85 13.85 427.75 17.~5 11.65 
2441 17 
0920 9 
0930 14 
09548 12 
MLDX0008 <0.2 6.8 1.9 140 1 12.5 39 
0922 14 
0945A 28 
0947 12 
0948 15 
0949 14 
0954A 23 
2409 14 
BCDX0002 0.008 -- 5 42 1.1 24.7 <0.5 1.4 681 0.4 <0.2 3.3 3030 1.4 220 1.1 14.2 1.2 91 
BCDX0003 0.01 4 58.8 2.1 19.1 <0.5 1.8 804 0.5 <0.2 4.2 3240 1.9 202 1.4 15.1 1.4 95 
BCRX0018 <0.2 1.5 <0.2 0.7 158 9.8 60 
CMRX207 0.006 2 115 2 17.9 <0.5 3.5 974 4.2 <0.2 12.3 3190 2.4 155 2.2 37.5 2.4 99 
CMRX208 0.006 4 67.9 2.2 26.3 <0.5 2.4 691 1.1 <0.2 6.9 3220 1.5 207 1.8 21.2 1.6 89 
DHRX005 0.004 2 79 .8 2.2 15.5 <0.5 2.2 1040 0.8 <0.2 6.4 2950 2.4 176 2.1 21.9 1.7 145 
GARX040 160 3.2 13.6 1.1 1.5 1130 0.5 <0.2 11.7 3250 3.8 186 0.7 29.7 2 89 
-- - -- --- ----
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Reg.No. Zr 
HRRX049 270 
HRRX050 490 
IK4 (91841 004) 89 
RIK5 (91841005) 84 
IK6 (91841006) 123 
IK7 (91841007) 88 
IK8 (91841008) 86 
IK9 (91841009) 82 
IK10 (91841010) 108 
IK11 (91841011) 100 
IK12 (91841012) 122 
RIK51 (91841051) 82 
RIK52 (91841052) 92 
92844438 
BCRX0019 16 
BCRX020 22 
MLDX0004 29 
MLDX0018 53 
NH1 126.5 
NH10 100.45 
NH15 115.4 
NH2 119.5 
NH25 88.4 
NH29 77.45 
NH33a 105.55 
NH33b 99.1 
NH36 108.6 
NH38 102 
NH41 113.1 
NH43 93.5 
NHS 11!5 
2441 
0920 
0930 
09548 
MLDX0008 54 
0922 
0945A 
0947 
0948 -~ 
0949 
0954A 
2409 I 
BCDX0002 40 
BCDX0003 34 
BCRX0018 86 
CMRX207 73 
CMRX208 62 
DHRX005 63 
GARX040 67 
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Reg.No. Unit source Location Si02 Ti02 Al203 FeOT Fe203 FeO MnO MgO CaO Na20 K20 
CARX075 pyroxenite Hargraves Resources N.L. 44.36 0.46 8.19 14.058 15.62 0 .25 14.95 12.34 0.63 0 .08 
BCRX0008 qz monzodiorite Hargraves Resources N.L. (146201) 10380mRL, sth drive 64.9 0.42 14.27 4.113 4.57 0.07 2.53 3 .88 4.87 2.96 
BCRX0001 qz monzonite Hargraves Resources N.L. (1 46201) 70.3 0.21 9.88 5.679 6.31 0.09 1.32 4.83 2.74 3 .18 
BCRX0009 qz monzonite Hargraves Resources N.L. (146201) 66.5 0.33 14.15 3.105 3.45 0.05 2.33 4.86 4.1 3 .08 
MLDX0010 qz monzonite Hargraves Resources N.L. (146201) MLRCD010, 407.9<408m 61.6 0.76 12.87 4.59 5.1 0.11 3.75 9.48 3.79 1.29 
BCRX0003 skarn Hargraves Resources N.L. (146201) 10577mRL, airleg drive 58.5 0.25 10.65 9.729 10.81 0 .17 2.9 12.5 3.27 0 .59 
MLDX0003 skarn Hargraves Resources N.L. (146201) MLRCD009, 361 .75<362m 35.4 0.38 10.34 6.525 7.25 0.22 3.76 33.06 <0.01 0 .07 
BCRX0007 skarn Hargraves Resources N.L. (146201) 10380mRL, sth drive 58.7 0.53 14.74 6.165 6.85 0.13 4.36 6 .07 3.96 2.99 
90840023 Tallwood Monzonite AGSO, in Meldrum (1995) 56.46 0.53 16.14 6.689 3.81 3.26 0.13 3.69 5 .85 3.48 4.27 
TWDX077 Tallwood Monzonite Hargraves Resources N.L. FDRCD003, 224.6<224.9m 57.4 0.465 17 6 .93 7.7 b.l.d. 0 .13 3.04 5.06 3.53 3 .97 
TWDX078 Tallwood Monzonite Hargraves Resources N .L. FDRCD003, 287.25<287.5m 60.7 0.375 17 5 .53 6.15 b.l.d. 0 .11 1.9 4.4 3.08 3 .76 
TWDX079 Tallwood Monzonite Hargraves Resources N.L. FDRCD003,309.3<309.55m 63.1 0.255 17.8 2.97 3.3 b.l.d. 0.05 0 .96 2.49 2.73 6.44 
TWDX080 Tallwood Monzonite Hargraves Resources N .L. FDRCD003, 325.77<326m 61.7 0 .31 18.3 3.1 3.45 b.l.d. 0 .09 1.28 2.65 2.68 5.69 
TWDX081 Tallwood Monzonite 1 Hargraves Resources N.L. FDRCD003, 353.33<353.8m 62.9 0.29 18.2 3.77 4.19 b.l.d. 0.06 1.1 3.72 3.14 4.49 
TWDX082 Tallwood Monzonite Hargraves Resources N.L. FLRCD006, 197.6<198.15m 56.4 0.535 17.6 6.04 6.71 b.l.d . 0.08 3.14 6.28 3.54 1.66 
TWDX083 Tallwood Monzonite Hargraves Resources N.L. FLRCD006, 280<280.3m 55.1 0 .51 16.9 7.02 7 .8 b.l.d . 0.1 2.76 6.28 3.25 3 .37 
TWDX084 Tallwood Monzonite Hargraves Resources N.L. FLRCD013, 151.7<152m 56.7 0.47 16.1 7.09 7.88 b.l.d. 0.06 2.96 6.18 3.44 5.05 
TWDX085 TaliWood Monzonite Hargraves Resources N.L. FLRCD013, f78.6<178.8m 66.7 0.315 14:1 4T1 4.68 b.l.d. 0.06 1.43 3.12 2.72 4.7 
TWDX086 Tallwood Monzonite Hargraves Resources N.L. FDRC014, 284.7<285m 60.1 0.36 15.7 3.24 3.6 b.l.d. 0 .07 1.41 3.93 3.53 2.57 
TWRX0010 Tallwood Monzonite Hargraves Resources N.L. 697320;6293580 64.8 0.47 14.1 4.88 5.42 b.l.d. 0.1 3.31 5.07 2.6 2.22 
TWRX0111 Tallwood Monzonite Hargraves Resources N.L. 697322;6293580 58 0.44 16.8 6.1 6.78 b.l.d. 0.1 6 2.72 5.36 3 .96 4.06 
TWRX147 Tallwood Monzonite Hargraves Resources N.L. 698090;6286904 63.3 0.33 15.9 4.32 4.8 b.l.d . 0.09 1.87 3.17 3.85 4.65 
TWRX150 Tallwood Monzonite Hargraves Resources N .L. 698290;6287130 59 0.48 15.9 6.46 7 .18 b.l.d. 0.13 3.12 4.26 3.3 4.52 
TWRX151 Tallwood Monzonite Hargraves Resources N .L. 698304;6287223 58.9 0.49 15.8 6.43 7 .15 b.l.d. 0.17 2.83 5.1 3.54 4.11 
TWRX152 Tallwood Monzonite Hargraves Resources N .L. 698147;6287382 56.7 0.52 16.7 6.88 7 .65 b.l.d . 0.17 3.37 6.16 3.39 3.43 
TWRX153 Tallwood Monzonite Hargraves Resources N.L. 698150;6287270 56 0.56 16 7.54 8 .38 b.l.d. 0.2 3.83 6.58 3.34 3.24 
TWRX156 Tallwood Monzonite Hargraves Resources N.L. 698445;6287848 57.6 0.54 16.3 6.78 7 .53 b.l.d. 0.18 3.11 5.96 3 .46 3.6 
TWRX178 Tallwood Monzonite Hargraves Resources N.L. 696825;6288880 57.3 0.59 15.6 6 .96 7.74 b.l.d. 0.16 3.45 5.92 3.41 3.88 
TWRX183A Tallwood Monzonite Hargraves Resources N .L. 698295;6287909 56.8 0.53 15.7 7.05 7.84 b.l.d. 0.19 3.32 5.93 3.33 3.72 
TWRX184A Tallwood Monzonite Hargraves Resources N.L. 698250;6287896 56.8 0.58 17.2 6 .75 7.5 b.l.d. 0.15 2.99 5.57 3.82 3.06 
TWRX185A Tallwood Monzonite Hargraves Resources N.L. 698295;6287893 58.1 0.51 16.1 6.4 7.11 b.l.d. 0 .1 2.79 5 .71 3.51 2.66 
TWRX238 Tallwood Monzonite Hargraves Resources N .L. 697940;6286057 56.4 0.55 16.2 7.3 8 .11 b.l.d. 0 .17 3.72 5 .07 3.13 3 .8 
TWRX239 Tallwood Monzonite Hargraves Resources N.L. 697390;6286628 55.7 0.615 17.3 7.6 8.45 b .l.d. 0.14 3 .12 6.02 3.35 3 .15 
2406 Tallwood Monzonite Rangott & Bird, in Meldrum surface 54.3 0.58 16.1 8.136 9.04 0.21 4.05 6.75 3.41 3 .85 
2407 Tallwood Monzonite Rangott & Bird, in Meldrum surface 56.6 0.51 16.1 7 .263 8.07 0.1 7 3 .63 5.67 3 .59 4.19 
90844060 Tallwood Monzonite Wyborn, D. 698000;6286000 56.46 0.53 16.15 6.689 3.81 3.26 0.13 3 .69 5.85 3.48 4.27 
90844066 Tallwood Monzonite Wyborn, D. 698300;62851 00 52.84 0.55 15.18 8.622 2.98 5.94 0.16 6 .10 5 .39 2.64 4.71 
91844183 T<~llwood Monwni!e Wyborn; D. 695500;6289700 58.31 0.45 16.16 5 .816 324 2.90 0.13 3W 4.67 3 .96 4.65 
92844438 Ta llwood Monzonite AGSO, in Meldrum (1995) 698200;62881 00 55.63 0.63 17.08 7.041 4.09 3.36 0.12 3 .38 6 .03 4.01 3 .53 
BCRX0012 tonalite Hargraves, 146201 1 0420mRL, X-cut 61.8 0.49 15.61 5.481 6.09 0 .1 1 3 .18 5.28 3.78 1.58 
BCRX0015 tonalite Hargraves, 146201 10380mRL, sth. drive 63.4 0 .46 15.7 5 .373 5.97 0.1 2.85 5 .34 3.48 1.42 
MLDX0012 tonalite Hargraves, 146201 MLRCD010, 424.88<425m 62 0.52 14.38 5 .616 6.24 0 .11 4.34 5.09 3 .01 1.02 
MLDX0017 tonalite Hargraves, 146202 MLD013, 370<370.1m 63.8 0.49 14.6 5.04 5.6 0.11 3 .74 4.95 2.98 1.53 
MLDX0019 tonalite Hargraves, 146202 MLD103, 438 .1<438.2m 61 .1 0.47 15.5 5.562 6.18 0.1 4.58 5 .28 3.49 1.16 
BCRX0004 volcanic Hargraves, 146201 10380mRL, sth. drive 44.7 0.55 13.64 11.115 12.35 0.37 5 .41 20.98 0.12 0 .65 
BCRX0017 volcanic Hargraves, 146201 10380mRL, nth. drive 50.6 0.59 14.52 9.324 10.36 0.18 5.6 11.72 2.94 1.31 
MLRX0002 volcanic Hargraves, 146202 surface 47.4 0.62 14.1 10.26 11 .4 0 .2 8 .34 13.35 1.61 1.18 
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Reg.No. P205 SrO Zr02 s H20 LOI Rest TOTAL Ag As Au Au (ppb) Ba Be Bi Br Cd ce co cr Cr203 cs cu GuO 
CARX075 0.14 <.01 2.8 <0.2 10 0.009 19 <0.5 <0.2 0.4 44.7 707 <0.2 1160 
BCRX0008 0 .11 0.04 0.01 1.24 <0.2 21 <0.2 <0.2 18.1 11 .8 204 9 
BCRX0001 0.05 0.01 <0.01 0.48 10.1 18 0.9 0.2 34.9 14.9 358 3360 
BCRX0009 0.08 0.05 0.01 0.82 <0.2 30 <0.2 <0.2 27.5 11 .7 159 17 
MLDX0010 0.07 0.05 0.02 1 <0.2 19 <0.2 <0.2 21.9 18.4 240 15 
BCRX0003 0.08 0.03 <0.01 0.16 <0.2 9 <0.2 <0.2 29.9 24.9 272 36 
MLDX0003 0.45 <0.01 <0.01 8.99 <0.2 90 0.6 <0.2 10.3 21 .2 274 - 9- ·--
BCRX0007 0.15 0.05 0.01 1.31 <0.2 11 <0.2 <0.2 31.3 24.4 197 14 
90840023 0.34 b.l.d. 1.8 0.33 107.53 
TWDX077 0.29 1.81 0.3 14 b.l.d . 850 . 0.3 . b.l.d. b.l.d. 18.5 30 b.l.d . 155 
TWDX078 0.22 2.78 0.2 40 b.l.d. 800 . 0.2 -. b.l.d. b.l.d. 13.5 80 b.l.d. 54 
TWDX079 0.16 2.17 0.2 24 b.l.d. 1100 0.4 . b.l.d. b.l.d . 6.5 220 b.l.d. 10 
TWDX080 0.19 2.53 <0.1 10 b.l.d. 1050 . 0.4 . b.l.d. b.l.d. 9 70 b.l.d. 23 
TWDX081 0.17 1.73 <0.1 40 b.l.d. 700 . 0.2 . b.l.d. b.l.d . 6 120 b.l.d. 11 
TWDX082 0.31 3.39 <0.1 30 b.l.d. 390 . 0.2 . b.l.d. b.l .d . 11 60 b.l.d. 125 
TWDX083 0.29 2.41 0.1 26 b.l.d. 950 . 0.3 . b.l.d . b.l.d. 13 80 b.l.d . 51 
TWDX084 0.31 1.25 <0.1 22 b.l.d. 950 0. 1 b.l.d. b.l.d. 13.5 60 b.l.d. 140 
TWDX085 0.16 1.61 0.1 24 b.l.d. 95o . 0.3 . b.l.d. b.i.d. 12 220 b.l.d. 280 
TWDX086 0.22 6.11 0.2 44 b.l.d. 250 . 0.4 . b.l.d. b.l.d. 8.5 90 b.l.d. 34 
TWRX0010 0.13 1.66 <1 5 0.029 b.l.d. . <5 . <0.2 31.5 17.5 257 b.l.d. 97 
TWRX0111 0.3 1.16 b.l.d. b.l.d. 0.059 b.l.d. . b.l.d. . <0.2 34.4 23.3 87 b.l.d. b.l.d. 
TWRX147 0.22 1.54 b.l.d . b.l.d. 0.002 b.l.d. . b.l.d. . <0.2 23.3 13.8 145 b.l.d. b.l.d. 
TWRX150 0.33 1.55 b.l.d. b.l.d. <0.001 b.l.d. . b.l.d . . <0.2 23.1 27.8 11 1 b.l.d. b.l.d . 
TWRX151 0.36 1.35 b.l.d. b.l.d. 0.003 b.l.d. . b.l.d. . <0.2 14.8 18.7 99 b.l.d. b.l.d. 
TWRX152 0.4 1.25 b.l.d. b.l.d. 0.004 b.l.d . . b.l.d. . <0.2 17.8 22.6 80 b.l.d. b.l.d. 
TWRX153 0.41 1.08 b.l.d. b.l.d. 0.001 b.l.d. . b.l.d. . <0.2 22.7 28.2 85 b.l.d . b. I. d. 
TWRX156 0.36 1.03 b.l.d. b.l.d. 0.004 b.l.d. . b.l.d. . <0.2 19.2 23.8 107 b.l.d . b.l.d. 
TWRX178 0.37 1.22 b.l.d. b.l.d. 0.004 b.l.d. . b.l.d . . 66 23.5 2.7 15 b.l.d. b.l.d. 
TWRX183A 0.37 1.96 b.l.d. b.l.d. 0.003 b.l.d. . b.l.d. . 137 23.3 12.2 13 b.l.d. b.l.d. 
TWRX184A 0.38 1.64 b.l.d. b.l.d. 0.004 b.l.d. . b.l.d. . 69 16.8 3.8 9 b.l.d . b.l.d. 
TWRX185A 0,3 1.96 b.l,d. b.l.d . 0.013 b.l.d. . b.l.d. . 130 19.2 4.1 11 b.l.d. b.l.d . 
TWRX238 0.35 1.52 <0.1 4 b.l.d. 750 . <0.1 . b.l.d. b.l.d. 23.5 80 b.l.d. 115 
TWRX239 0.34 1.36 <0.1 10 b.l.d. 800 . 0.2 . b.l.d . b.l.d. 15.5 40 b.l.d. 120 
2406 0.39 0.13 0.01 1.06 99.88 
2407 0.33 0.11 0.01 1.03 100.01 
90844060 0.34 1.80 0.33 100.10 3.0 6.0 2.27 911.0 1.0 <2 33.0 19.0 49.0 <4 11 0.0 
90844066 0.45 2.90 0.35 100.19 3.0 6.0 3.30 910.0 1.0 <2 27.0 28.0 161.0 <4 252.0 
91844183 0.28 1.87 0.29 99.98 2.0 15.5 2.22 845.0 1.0 <2 39.0 11.0 46.0 <4 103.0 
92844438 0.34 1.53 0.31 100.04 3.0 11.0 876.0 2.0 <2 29.0 16.0 23.0 5.0 19.0 
BCRX0012 0.15 0 .07 <0.01 1.72 0.3 5 <0.2 <0.2 29 20.5 123 103 
BCRX0015 0.14 0.05 0.01 0.93 0.2 5 <0.2 <0.2 18.4 15.5 158 37 
MLDX0012 0.15 0.04 0.02 2.9 <0.2 2 <0.2 <0.2 29.6 16 365 27 
MLDX0017 0.14 0.04 0.02 1.92 <0.2 25 O.D1 1 0.3 <0.2 27.8 15.8 209 25 
MLDX0019 0.15 0.05 0.01 1.88 <0.2 21 0.0275 0.3 <0.2 17.7 20.5 182 44 
BCRX0004 0.29 0.05 <0.01 0.85 <0.2 191 <0.2 <0.2 25.4 39.4 92 82 
BCRX0017 0.31 0.07 <0.01 1.53 0.5 178 <0.2 0.3 30.2 33.1 121 408 
MLRX0002 0.17 
_ O.Q5 _ _ _(l_.Q1_ _ 1,37 L . <0.2 33 0.005 0.5 <0.2 15.3 39 .8 497 15 
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Reg.No. Eu Fe2 Ga Gd (ppm) Ge Hf Ho (ppm) I In lr K K% La Li Lu Mn Mo Na Nb Nd Ni NiO p Pb 
CARX075 9.6 2.6 0.6 0.5 9.5 3.2 1660 0.5 0.7 10.3 170 2 
BCRX0008 9.2 3.8 4.7 20 8 
BCRX0001 19.9 5.8 5.6 20 6 
BCRX0009 14.9 13.9 5.2 16 11 
MLDX0010 11.1 2.4 5.3 32 7 
BCRX0003 14.7 5.8 4.5 29 3 
MLOX0003 6.3 1 2.7 33 1 
BCRX0007 16.8 3 5.9 42 7 
90840023 
TWDX077 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 3 b.l.d. b.l.d. b.l.d. 5 7 b.l.d. 13 10 
TWDX078 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d . 3 b.l.d. b.l.d. b.l.d. 3.9 6.5 b.l.d. 7 20 
TWOX079 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d . b.l.d . 5 b.l.d . b.l.d. b.l.d. 4.6 10.5 b.l.d. 7 15 
TWOX080 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 5 b.l.d . b.l.d . b.l.d. 3.9 8.5 b.l.d. 13 35 
TWOX081 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . . b.l.d. b.l.d. 4 b.l.d. b.l.d. b.l.d . 4.6 10.5 b.l.d. 6 10 
TWOX082 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 1 b.l.d. b.l.d. b.l.d . 3.7 4.5 b.l.d. 9 15 
TWDX083 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 3 b.l.d. b.l.d . b.l.d. 4.1 5 b.l.d. 9 <5 
TWOX084 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 4 b.l.d. b.l.d . b.l.d. 6.5 6 b.l.d. 13 <5 
TW DXOSS b.l.d. b.l.d . b.l.d. b.l.d. bid . . b.l.d. b.l.d. 4 b.T:d. bid. b.l.cf. 8 7 b.l.d. 10 <5 
TWDX086 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d . b.l.d. 2 b.l.d. b.l.d. b.l.d. 3 7 b.l.d . 6 140 
TWRX0010 b.l.d. b.l.d. b.l.d. b.l.d . b.l.d . b.l.d. b.l.d. 2 16.1 b.l.d. b.l.d. <2 7 b.l.d . 32 6 
TWRX01 11 b.l.d. b.l.d. b.l.d. b.l.d. b.l .d. . b.l.d. b.l.d . 3 18.5 b.l.d. b.l.d. b.l.d. 8 b.l.d. 17 b.l.d. 
TW RX147 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 4 12.7 b.l.d. b.l.d. b.l.d. 6.2 b.l.d. 11 b.l.d. 
TWRX150 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 4 13.1 b.l.d. b.l.d. b.l.d. 5.3 b.l .d. 18 b.l.d. 
TWRX151 b.l.d . b.l.d. b.l.d. b.l.d. b.l.d . . b.l.d. b.l.d . 3 8.9 b.l.d. b.l.d. b.l.d. 6.1 b.l.d. 12 b.l.d. 
TWRX152 b.l.d . b.l.d. b.l.d. b.l .d. b.l.d. . b.l.d. b.l.d. 3 10.6 b.l.d. b.l.d. b.l.d. 4.5 b.l .d. 11 b.l.d. 
TW RX153 b.l .d . b.l .d. b.l.d . b.l.d. b.l.d. . b.l.d. b.l.d. 3 14.1 b.l.d. b.l.d. b.l.d . 4.2 b.l.d. 17 b.l.d. 
TW RX1 56 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 3 11 b.l.d. b.l.d . b.l.d. 6.1 b.l.d. 14 b.l.d. 
TW RX178 b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. . b.l.d. b.l.d. 3 14.4 b.l.d. b.l.d . b.l.d. <0.2 b.l.d. 0.8 b.l.d. 
TWRX183A b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 3 13.5 b.l.d. b.l.d. b.l.d . <0.2 b.l.d. 1.1 b.l.d. 
TWRX184A b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d. 3 9.9 b.l.d. b.l.d. b.l.d. <0.2 b.l.d . 0.9 b.l.d. 
TWRX185A b.l.d. b.l.d. b.l .d. b.l.d. b.l.d. . b.l.d. b.l.d . 2 11 .1 b.l.d. b.l.d. b.l.d. <0.2 b.l.d. 1.1 b.l.d. 
TWRX238 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. * b.l.d. b.l.d. 3 b.l.d. b.l.d. b.l.d . 2 5.5 b.l.d. 17 10 
TWRX239 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. . b.l.d. b.l.d . 3 b.l.d. b.l.d. b.l.d . 2.6 5.5 b.l.d. 14 <5 
2406 19 4 
2407 12 6 
90844060 18.0 2.0 2.0 24.0 14.0 <2 6.0 20.0 19.0 10.0 
90844066 16.0 1.5 <2 19.0 17.0 <2 4.0 15.0 54.0 8.0 
918441 83 17.0 2.0 3.0 22.0 8.0 1261.0 4.0 7.0 19.0 17.0 11,0 
92844438 16.0 2.5 4.0 17.0 5.0 1072.0 3.0 5.0 14.0 15.0 9.0 
BCRX0012 16.4 1.6 5.8 21 7 
BCRX0015 9.1 3 .3 4.6 20 5 
MLOX0012 15.6 1.6 5.9 31 8 
MLOX0017 14.9 1.4 5.8 28 7 
MLDX0019 9 1.1 3.4 32 6 
BCRX0004 15.4 1 1.2 19 4 i 
BCRX0017 16.3 9.7 3 20 4 I 
MLRX0002 8.9 0.5 3.7 177 4 
-
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Reg.No. Pd (ppm) Pr Pt (ppb) Rb Rb20 Sb Sb (ppb) Sc Se Sm Sn Sr Ta Te Th Ti Tl u v w y Yb Zn ZnO 
CARX075 0.007 7 2 1 44.7 <0.5 4.3 75 0.3 <0.2 0.4 2750 0.2 285 1.5 11.6 1 92 
BCRX0008 <0.2 4.6 2.1 79 1.8 10.9 36 
BCRX0001 6.4 10 3.8 47 25.3 14.8 43 
BCRX0009 <0.2 6.2 2.3 92 2.5 17.8 24 
MLDX0010 <0.2 6.7 2 152 2.9 16.6 26 
BCRX0003 <0.2 4.5 1.5 53 37 15.6 66 
MLDX0003 <0.2 1.7 0.8 199 1 9.2 36 
BCRX0007 <0.2 5.8 1.9 133 1.7 20 54 
90840023 
TWDX077 b.l.d. b.l.d. b.l.d. 57 b.l.d. b.l.d. <0.5 b.l.d. b. l.d. 900 b.l.d. b.l.d. 6.5 0.2788 b.l.d. 3 b.l.d . b.l.d . 15 b.l.d. 43 
TWDX078 b.l.d. b.l.d. b.l.d. 51 b.l.d. b.l.d . <0.5 b.l.d. b.l.d. 750 b.l.d. b.l.d. 8 0.2248 b.l.d. 3.2 b.l.d . b.l.d . 14.5 b.l.d. 56 
TWDX079 b.l.d. b.l.d. b.l.d. 88 b.l.d. b.l.d. 1.5 b.l.d. b.l.d. 650 b.l.d. b.l.d . 11.5 0.1529 b.l.d. 3.7 b.l.d. b.l.d . 12.5 b.l.d. 28 
TWDX080 b.l.d. b.l.d. b.l.d. 82 b.l.d. b.l.d. 1 b.l.d. b.l.d. 700 b.l.d. b.l.d. 9 0.1858 b.l.d. 3.5 b.l.d. b.l.d . 14 b.l.d. 89 
TWDX081 b.l.d. b.l.d. b.l.d. 58 b.l.d. b.l.d. 0.5 b.l.d. b.l.d. 650 b.l.d. b.l.d. 10.5 0.1739 b.l.d. 4.4 b.l.d. b.l.d. 14.5 b.l.d. 34 
TWDX082 b.l.d. b.l.d. b.l.d. 29.5 b.l.d. b.l.d. 1.5 b.l.d. b.l.d. 600 b.l.d. b.l.d. 4.6 0.3207 b.l.d. 4.8 b.l.d. b.l.d. 17 b.l.d. 28 
TWDX083 b.l.d. b.l.d. b.l.d . 41 b.l.d. b.l.d. 0.5 b.l.d. b.l.d. 750 b.l.d. b.l.d. 5.5 0.3057 b.l .d. 1.6 b.l.d. b.l.d . 15.5 b.l.d. 40 
TWDX084 b.l.d. b.l.d. b.l.d. 46 b.l.d. b.l.d. <0.5 1 b.l.d. b.l.d. 750 b.l.d. b.l.d. 6.5 0.2818 b.l.d . 2.6 b.l.d. b.l.d. 15 b.l.d. 30 
TWDX085 b.l.d. b.l.d. b.l.d. 40 b.l.d. b.l.d. 1 b.l.d. b.l.d. 42 0 b.l.d. b.l.d. 9.5 o.T888 b.l.d. 3.6 b.l .d. b.l.d. 13.5 b.l.d. is 
TWDX086 b.l.d. b.l.d. b.l.d. 37.5 b.l.d. b.l.d. 1 b.l.d. b.l.d. 460 b.l.d. b.l.d. 8.5 0.2158 b.l.d. 2.9 b.l.d. b.l.d. 14 b.l.d. 160 
TWRX0010 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. <0.2 6.4 0.2818 b.l.d. 1.8 112 1.2 12.7 b.l.d. 34 
TWRX0111 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. <0.2 3.6 0.2638 b.l.d. 2.3 132 2.5 9.7 b.l.d. b.l.d. 
TWRX147 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. <0.2 4 0.1978 b.l .d. b.l.d. 100 1.2 b.l.d. b.l.d. b.l.d. 
TWRX150 b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. <0.2 2.2 0.2878 b.l.d. b.l.d. 163 1 b.l.d. b.l.d. b.l.d. 
TWRX151 b.l.d. b.l.d. b.l.d. b.l.d . b.l.d . b.l.d . b.l.d . b.l.d. b.l.d . b.l.d. b.l.d. <0.2 2.2 0.2938 b.l.d. b.l.d. 154 1.5 b.l.d. b.l.d. b.l.d. 
TWRX152 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. b.l.d . b.l.d. b.l.d . b.l.d. b.l.d . <0.2 2.1 0.3117 b.l.d. b.l.d. 168 0.8 b.l.d. b.l.d. b.l.d. 
TWRX153 b.l.d . b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. b.l.d. <0.2 2 0.3357 b.l.d. b.l.d. 192 0.7 b.l.d. b.l.d. b.l.d. 
TWRX156 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. b.l.d. b.l.d . b.l.d . <0.2 2.2 0.3237 b.l.d. b.l.d. 176 1 b.l.d. b.l.d. b.l.d. 
TWRX178 b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. 68 <0.2 0.3537 b.l.d. 13 b.l.d. 177 2.4 b.l.d. b.l.d. 
TWRX183A b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. b.l.d . b.l.d. b.l.d. 78 <0.2 0.3177 b.l.d. 13 b.l.d. 184 3.1 b.l.d. b.l.d. 
TWRX184A b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d . 46 <0.2 0.3477 b.l.d. 14 b.l.d. 172 1.5 b.l.d. b.l.d. 
TWRX185A b.l.d. b.l.d. b.l.d. b.l.d . b.l.d. b,l.d. b.l.d. b.l.d. b.l.d. b.l.d. b.l.d. 89 0.2 0.3057 b.l.d. 26 b.l.d. 173 2.9 b.l.d. b.l.d. 
TWRX238 b.l.d. b.l.d. b.l.d. 64 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 800 b.l.d. b.l.d. 7 0.3297 b.l.d. 2.1 b.l.d. b.l.d. 18 b.l.d. 68 
TWRX239 b.l.d. b.l.d. b.l.d. 40 b.l.d. b.l.d. <0.5 b.l.d. b.l.d. 900 b.l.d. b.l.d . 5.5 0.3687 b.l.d. 1.8 b.l.d. b.l.d. 18 b.l.d. 50 
2406 16 
2407 14 
90844060 3.0 5.70 85.0 <100 19.0 <1 <2 938.0 <2 5.0 3.5 167.0 <3 16.0 66.0 
90844066 2.0 11.50 78.0 <100 26.0 <1 <2 813.0 <2 4.0 1.5 222.0 <3 14.0 74.0 
91844183 3.0 6.74 96.0 770.0 17.0 <1 <2 878.0 <2 6.0 4.0 147.0 4.0 17.0 71.0 
92844438 <2 58.0 40.0 22.0 <1 <2 1023.0 <2 4.0 1.0 181.0 <3 19.0 61 .0 
BCRX0012 <0.2 5.3 1.9 109 3.7 16.4 52 
BCRX0015 <0.2 3.2 1.4 108 1 11.5 49 
MLDX0012 <0.2 5.9 1.5 107 1.1 16.8 55 
MLDX0017 <0.2 4.5 0.9 95 0.8 14.3 62 
MLDX0019 <0.2 1.7 0.5 133 0.9 9.8 59 
BCRX0004 <0.2 1.8 0.7 197 1.4 14 62 
BCRX0017 0.2 2.6 1.1 217 12 20.6 80 
MLRX0002 <0.2 0.9 0.4 246 0.6 13.9 74 
- -------
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Reg.No. Zr 
CARX075 14 
BCRX0008 37 
BCRX0001 62 
BCRX0009 52 
MLDX0010 38 
BCRX0003 42 
MLDX0003 29 
BCRX0007 28 
90840023 
TWDX077 30 
TWDX078 70 
TWDX079 190 
TWDX080 100 
TWDX081 90 
TWDX082 20 
TWDX083 50 
TWDX084 '-----Go 
TWDX085 90 
TWDX086 110 
TWRX0010 24 
TWRX0111 72 
TWRX147 114 
TWRX150 57 
TWRX151 35 
TWRX152 42 
TWRX153 47 
TWRX156 48 
TWRX178 b.l.d. 
TWRX183A b.l.d. 
TWRX184A b.l.d. 
TWRX185A b.l.d. 
TWRX238 70 
TWRX239 50 
2406 
2407 
90844060 105.0 
90844066 59.0 
91844183 131 ,0 
92844438 95.0 
BCRX0012 26 
BCRX0015 30 
MLDX0012 28 
MLDX0017 20 
MLDX0019 14 
BCRX0004 36 
BCRX0017 39 
MLRX0002 39 
Appendix 3- Zircon U-Th-Pb Isotopic Analyses 
and Sr-Nd Data 
Grain Spot Data For S HRIMP Dating 
Grain P b" u Th Th/ 204Pb/ %206Pb 208Pb"/ 208Pb"/ 206Pb"/ 207Pb"/ 207Pb"/ (Apparent ages (Ma) 
spot (ppm) (ppm) (ppm) u 206Pb error (common) 206Pb error 232Th error 238U error 235U error 206Pb error 208/232 I error I 206/238 error 2071206 I error 
Mine Dyke Group NH29 
9.1 174 497 43 0.09 0.000019 10 0.03 0.0259 56 0105 23 0.351 14 6.48 48 0.13376 781 2016 428 1941 67 2148 106 
31 37 489 254 0.52 0.000014 59 0.023 0.11 27 58 0.01628 96 0.07492 187 0.5803 281 0.05617 216 326 19 466 11 459 88 
11 33 448 235 52 0.000043 46 0.068 0.156 34 0 02077 51 0.0699 62 0.5372 110 0.05574 97 415 10 436 4 442 39 
11.1 28 404 210 0.52 0.000016 26 0.026 01652 47 00211 162 0 .06632 397 0.5282 376 0.05776 183 422 32 414 24 521 71 
151 29 392 171 044 0 .00001 36 O.D16 0 1363 29 0.02218 54 0.07101 79 0.5575 123 0.05694 101 443 11 442 5 489 40 
131 24 349 180 0.51 0.00016 106 0.256 0.1548 63 0.02024 87 0.06729 81 0.4953 205 0.05338 204 405 17 420 5 345 89 
161 22 321 165 051 0.000144 67 0.231 01589 79 002068 127 0.06668 207 0.497 290 0.05406 247 414 25 416 12 373 106 
51 19 273 150 0.55 0.000111 74 0 .178 0 .171 49 002096 64 0 .06737 67 0.5203 152 0.05601 147 419 13 420 4 453 59 
6.1 17 243 134 055 0.000196 92 0.313 0.1632 47 0.02016 64 0.0682 79 0.489 178 0.05199 172 403 13 425 5 285 77 
2.1 18 241 215 0.89 0.000043 178 0.069 0.2415 72 0.018 57 0.0665 65 0.505 274 0.05507 287 361 11 415 4 415 121 
14.1 12 173 82 0.48 0.000002 7 0.003 0.146 31 0.02126 59 0.06918 101 0.5248 128 0.05503 98 425 12 431 6 413 40 
12.1 12 157 86 0.55 0.0001 12 112 0.179 0.1637 61 0.02099 90 0.0703 132 0.5306 237 0.05473 210 420 18 438 8 401 88 
8.1 10 149 47 0.32 0.000519 237 0.831 0.0828 93 0.01755 200 0.06753 102 0.4441 382 0.04769 396 352 40 421 6 84 186 
10.1 13 143 40 0.28 0.000151 195 0.242 0.0851 74 0.02818 252 0.09196 179 0.7402 445 0 .05838 318 562 50 567 11 544 124 
9.2 9 126 44 0.35 0.000256 160 0.41 0.0909 66 0.01831 136 0 .07045 94 0.5259 284 0 .05414 274 367 27 439 6 377 118 
4.1 9 124 71 0.57 0.00001 26 0.016 0 .182 53 0.02208 82 0.06968 136 0.5557 170 0 .05784 123 441 16 434 8 524 47 
7. 1 8 123 41 0 .33 0.00001 41 0 .016 0.1052 40 0.02179 93 0.06895 113 0.5383 221 0 .05663 202 436 18 430 7 477 81 
Mine Dyke Group NH43 (balch 1) 
5.1 654 6990 7380 1.06 0.000033 14 0.053 0.3197 17 0.02388 20 0 .07887 49 0.6143 74 0 .05648 54 477 4 489 3 471 21 
7.1 476 5693 4756 0.84 0.000055 22 0.089 0.253 21 0.02246 26 0 .07416 57 0.5634 80 0.0551 61 449 5 461 3 416 25 
2.1 465 5561 4814 0.87 0.000015 25 0.024 0.2607 17 0.02219 26 0.07371 66 0.5692 82 0.056 57 444 5 458 4 452 23 
6.1 467 5452 4642 0.85 0.000036 16 0.058 0.2596 24 0.02307 38 0 .07568 82 0.5838 103 0.05595 71 461 7 470 5 450 28 
1.1 461 5280 4500 0.85 0.000019 12 0 .031 0.2587 19 0.02341 25 0.07714 57 0.5885 76 0.05533 54 468 5 479 3 426 22 
12.1 408 5165 3262 0.63 0.000039 21 0.062 0.1876 16 0.02194 26 0.07385 58 0.557 77 0.0547 57 439 5 459 3 400 24 
9.1 370 4621 2546 0.55 0.000038 21 0.061 0.1651 23 0.02282 42 0.07816 78 0.5818 115 0.05541 87 456 8 473 5 429 35 
10.1 344 4374 2499 0.57 0.000025 28 0.04 0.1712 21 0.02231 35 0.07445 68 0.5705 102 0.05557 79 446 7 463 4 435 32 
3.1 293 3908 2041 0.52 0 .000046 23 0.074 0.159 17 0.02184 3D 0.07173 56 0.5566 77 0 .05628 58 437 6 447 3 463 23 
11 .1 290 3614 2408 0.67 0.000021 21 0.034 0.2029 20 0.02257 3D 0.07414 63 0.5668 104 0.05545 85 451 6 461 4 430 34 
8.1 295 3549 2011 0.57 0.000009 28 0.015 0.1738 19 0.02412 46 0.07867 109 0.6094 120 0.05619 69 482 9 488 7 460 27 
1.2 264 3311 1995 0.6 0.000001 3 0.002 0.1845 22 0.02287 43 0.07471 89 0.5787 110 0.05618 75 457 9 464 5 459 30 
13.1 241 3185 1870 0.59 0.000062 39 0.099 0.1768 22 0.02147 36 0.07131 73 0.5487 115 0.05581 96 429 7 444 4 445 39 
18.1 237 3121 1654 0.53 0.000104 75 0.167 0.1572 32 0 .02161 50 0.07285 75 0.5396 150 0.05372 132 432 10 453 4 359 56 
17.1 225 3104 2718 0.88 0.00012 42 0.192 0.1819 45 0.01413 38 0.06803 63 0.5162 109 0.05503 99 284 7 424 4 413 41 
3.2 235 3058 1894 0.62 0.000069 43 0.11 0.1917 26 0.0221 1 37 0 .0714 63 0.5525 102 0.05612 85 442 7 445 4 457 34 
14.1 199 2771 1321 0.48 0 .000032 46 0.052 0. 1444 37 0.02106 58 0.06955 72 0.5408 150 0.05639 138 421 12 433 4 468 55 
15.1 172 2334 1139 0.49 0.00008 53 0.128 0.1481 28 0.02158 50 0.0711 82 0.5345 134 0.05452 113 432 10 443 5 392 47 
16.1 146 2105 803 0.38 0 .000044 33 0.07 0.1177 40 0.02129 77 0.06892 80 0.5258 150 0.05533 136 426 15 430 5 425 56 
4.1 132 1814 889 0.49 0.000101 56 0.161 0.1481 33 0.02132 59 0.0747 105 0.5283 152 0.05437 125 426 12 439 6 386 52 
4.2 76 1064 397 0.37 0 .000186 73 0.297 0.1142 37 0.02162 74 0.07071 79 0.5288 173 0.05424 159 432 15 440 5 381 67 
Mine Dyke Group NH43 (balch 2) 
20.1 448 5501 4475 0.81 0.00001 10 0.016 0.2554 8 0.02264 15 0.07212 41 0.5501 45 0.05532 29 453 3 449 2 425 12 
22.1 379 4592 3596 0.78 0.000038 5 0.061 0.2455 9 0.02312 16 0.07376 42 0.5696 43 0.05601 24 462 3 459 3 453 9 
24.1 286 3886 2160 0.56 0.000009 2 0.01 4 0.1715 6 0.02151 15 0.06971 40 0.533 43 0.05545 28 430 3 434 2 430 11 
26.1 291 3832 2655 0.69 0.000029 7 0.046 0.2171 16 0.02172 24 0.06931 52 0.5365 49 0.05614 25 434 5 432 3 458 10 
23.1 273 3595 2210 0.61 0 .000016 4 0.025 ,0.1945 12 0.02233 19 0.07057 41 0.5464 38 0.05615 18 446 4 440 2 458 7 
27.1 252 3354 2308 0.69 0 .000012 5 0.019 0.2101 17 002108 22 0.06906 46 0.5312 48 0.05579 30 422 4 430 3 444 12 
29.1 254 3351 2109 0.63 0 .000053 ;; 0.085 0.1923 g 0.02159 16 0.07067 4i 0.5397 48 0.05539 33 432 3 440 2 428 ~4 1 28.1 219 3029 1773 0.59 0.000018 4 0.028 0.173 10 0.02019 17 0.06831 38 0.5231 36 0.05554 20 404 3 426 2 434 
21 .1 190 2596 1199 0.46 0.000001 0 0.001 0.1445 10 0.02212 21 0.07073 43 0.541 40 0.05547 20 442 4 441 3 431 8 ' 
25.1 201 2576 1978 0.77 0.000069 12 0.111 0.2462 10 0.02234 20 0.06968 51 0.5345 50 0.05564 28 447 4 434 3 438 11 
Carcoar Granodiorite NH48 
51 18 258 108 0.42 0 .000074 26 0.118 0.1324 21 0 02182 43 0.06922 69 0.5193 112 0 05441 98 436 8 431 4 388 41 
91 17 227 135 0.59 0.00001 10 0.016 0187 25 0.02171 37 0.06892 65 0.5283 89 0.05559 71 434 7 430 4 436 29 
7 1 12 172 75 0.43 0.000192 98 0.308 01328 45 00211 3 76 006902 79 0.5199 183 0.05463 174 423 15 430 5 397 73 
41 10 136 52 0.38 0.00001 10 0.016 01212 24 00222 52 0.06972 77 0.5197 106 0 05406 85 444 10 434 5 374 36 
21 8 110 61 0.55 0.000061 37 0.097 0.1731 48 0.02144 70 006873 10~ 0.5176 189 0.05462 170 429 14 429 7 397 71 
11 8 109 46 042 0 .000193 67 0.309 01277 39 002072 71 006847 88 0.4997 156 0.05293 142 414 14 427 5 326 
:: I 8.1 7 104 44 0.42 0.000017 6 0.027 0. 1325 32 0.02147 61 0 06867 95 0.5251 134 0 05546 109 429 12 428 6 431 
31 7 104 46 045 0.000165 62 0.264 0.1309 53 00204 1 93 0 06954 128 0.5029 177 005245 146 408 19 433 8 305 65 
61 7 100 40 0.4 0.000286 80 0.457 01303 55 0 02205 ~~8_1_1_ 92 0.4952 215 0 05273 208 441 20 425 6 317 92 
-------
Rad1ogenic . corrected for laboratory common Pb using 204Pb 
Sr-Nd lsoptope Data (after Kjolle, 1997) 
Sample No. Si02 Ti02 Fe203* MgO FeO* FeO*+MgO Unit 87Sr/86Sr (a) Rb Sr 
RIK 5 60.81 0.53 6.57 4.5 5.913 10.413 LHD 0.705788 25.8 421.6 
RIK 51 60.71 0.46 6.33 4.97 5.697 10.667 LHD 0.706333 33 350.8 
RIK 52 61.45 0.46 6.28 3.91 5.652 9.562 LHD 0.706096 36.5 411.6 
RIK66 59.08 0.48 6. 79 4.54 6.111 10.651 LHD 0.705463 20. 2 423.3 
RIK 1 66.27 0.48 4.96 2.09 4.464 6.554 cc 0.71534 107.9 216.2 
RIK 53 65.54 0.59 5.42 2.09 4.878 6.968 cc 0.711329 84.7 278.3 
RIK68 61.72 0.47 5.35 2.89 4.81 5" 7.705 Por. Dyke 0.705961 9.82 515.6 
RIK69 62.37 0.43 3.465 2.29 3.1185 5.4085 Por. Dyke 0.70691 13 251 
Sample No. Sr86 Rb87/Sr86 T Sr i Nd Sm 143Nd/144Nd (c) 147Sm/1 44Nd · 143/144Nd i ENd (d) 
RIK 5 40.77625249 0.176086314 431000000 0.7047 12.25 2.71 0.51249 0.1338 0.51211 0.57 
RIK 51 33.92681842 0.270697355 431000000 0.7047 11.48 2.47 0.51249 0.1302 0.51212 0 77 1 
RIK 52 39.80787419 0.25517439 431000000 0.7045 10.98 2.46 0.51259 0. 1353 0.51221 2.44 1 
RIK66 40.94197478 0.137307984 431000000 0.7046 9.84 2.28 0.512527 0.1 4 0.51213 0.95 
RIK 1 20.89087814 1.437 401042 431000000 0.7065 18.82 3.96 0.51214 0. 1272 0.511 78 -5.9 
RIK 53 26.90199733 0.87621784 431000000 0.7059 18.66 3.94 0.51219 0.1277 0.511 83 -4.95 
RIK68 49.86688785 0.054804022 431000000 0.7056 9.52 2.27 0.512491 0.144 0.51208 0.03 ~ 
RIK 69 24.27351973 0.149047194 431000000 0.706 8.22 1.97 0.512514 0.1 448 0.51211 0.43 
Sample No. t MA (DM) m .y. Rb/Sr 
RIK5 1078 0. 0611 95446 
RIK 51 1036 0.094070696 
RIK 52 921 0.088678328 
RIK66 1091 0. 04 7720293 
RIK 1 1563 0.49907 4931 
R!K. 53 1491 0.304347826 
RIK 68 1216 0.019045772 
RIK 69 1184 0.051792829 
-
• 
• 
• 
• 
Measured 87Sr/86Sr ratios were normalized to 86SR/88Sr = 0.1194 . 
87Sr/86Sr for standard NBS 987 = 0.710248 ± 0.0026% (2 std. dev.; n=34) 
sSr (t) = { (87Sr/86SrYroc/(87Sr/86SrYuR-1} X 104 
where t is a time in the past equal to the age of the rock, unless otherwise 
specified; 
UR = "uniform reservoir" (i.e. bulk earth); 
(s7Sr/s6SrYuR = (s7Sr/s6sry=o uR- (s7Rb/s6sry=o uR x ( e"t - 1 ); 
(87Sr/86SrY=\R = 0.7045 ; 
(87Rb/86Sry=o uR = 0.0816; 
ARb = 1.42 X 10-lly-1 
Measured 143Nd/44Nd ratios were normalized to 146Nd/ 44Nd = 0.7219 . 
143Nd/144Nd for J&M Standard = 0.51 11 12 ± 0.000012 (2 std. dev.) 
sNd (t) = {(143Nd/144Nd)1 / ( 143Nd/ 44Nd)1 - 1} x 104 rock CHUR 
where t is a time in the past equal to the age of the rock, unless otherwise 
specified; 
CHUR = clu·ondritic uniform reservoir; 
( 143Nd/144Nd)t = (1 43Nd/144Nd)t=o _ (147Sm/ 144Nd)t=o x (e:~t _ 1). CHUR CHUR CHUR ' C43Nd/144Ndy=oCHUR = 0.512638; 
(147Sm/144Nd)t=o = 0 1967· CHUR · ' 
Asm = 6.54 X 10"12y·1 
(Data from Kjolle, 1997) 
Appendix 4 - Petrographic Descriptions 
f 
NHI -Mine Dyke Group 
This rock has a granitic dominantly equigranular texture. Grains are interlocked with a few larger 
grains (dominantly Kspar) up to 3mm in size. The majority of grains are approximately 0.5-lmm. 
Grains are anhedral to subhedral. Approximate modal mineralogy is as follows:-
Kspar 25% 
Quartz 30% 
Plagioclase 15% 
Microcline 7% 
Perth ite 18% 
Hornblende <5% 
Kspar grains are observed as both early and late formed, with the earlier formed grains being 
characterised by a dusting of fme sericite grains. The earlier potassic feJdspar grains are typically 
larger than the later ones (up to 2mm as compared with 0.5mm) and display a anhedral form. They 
are intergrown with early quartz and plagioclase. These feldspars are also characterised by the 
formation ofpetthitic and microcline feldspars, with some of these grins showing signs of strain 
during their growth. Later Kspar grains are characterised by the lack of substantial sericite dusting 
and the presence of simple twinning. Again, these grains are anhedral and range in size up to 2mm. 
Quartz grains display an interlocking relationship with all other minerals observed. The grains are 
typically small (up to lmm) and anhedral in form. Few grains display undulose extinction, indicating 
stra in applied during the formation of the grains. It appears to have crystallised synchronous with the 
fe ldspar, possib ly just prior to that, due to the presence of small grains surrounded by petthitic 
feldspar. 
Plagioc lase (o ligoclase) is an early formed mineral and is anhedral in form. Grains are mostly around 
I mm but can vary up to 3mm in size. They have been overprinted by a dusting of fine illite(?) grains. 
Some grains display both simple and multiple twinning. In plane light the grains are characterised by 
a very fine grained light brown staining, which may be due to hematite dusting of the grains, as 
observed in hand specimen. 
Hornblende grains display pleochroism in plane light observation, froni a green to a paler yellow-
brown. Grains that were identified were mostly parallel to the long axis of the mineral. Most grains 
show that it was an early mineral crysta ll ising from the magma, and has been overprinted by the 
growth of quartz and Kspar grains. Grains range in size up to 0.5mm. Edges of the hornblende grains 
show hazy black spots. Small grains of ?biotite were identified with some grains of hornblende. 
Min or amounts of accessory phases (apatite) were also identifi ed. 
There has been relatively little alteration of this section. The plagioclase grains have undergone 
hematitic dusting and consequent dusting by fine sericite grains, as have other feldspars. There is no 
substantial alteration of the hornblendes and the minor amount of associated biotite apjpears to be 
primary, as is the hornblende. The only secondary mineral that appears to have grown is the later 
development of Kspar. 
The modal mineralogy indicates that this rock plots in the syeno-granite field. 
NH2- Mine Dyke Group 
This section displays an interlocking granu lar texture, sub-porphyritic. Majority of grains range up to 
I mm , with several larger grains up to 5mm. Grains are dominantly anhedral to subhed ral. The 
approximate modal mineralogy is as fo llows:-
Plagioclase 35% 
Kspar 10% 
Perthite 5% 
Quartz 15% 
Hornblende 30% 
Clinopyroxene <5% 
This approx imate primary modal mineralogy means that this rock plots on the boundary between 
granodiorite and monzo-granite. 
The plagioclase in this section (o ligoclase to andesine) forms as laths and is dusted by very fine 
grained ?hematite. Thus, this explains the pink colouration of these minerals in hand specimen. This 
shows as a distinct brown dusting in plane light observation. Plagioclase grains are less than 1 mm in 
size and are anhedral to subhedral in form. Grains are unoriented. Plagioclase is observed in 
association with all other minerals of this section. 
Kspar grains tend to be larger than the plagioclase grains with an example more than 5mm in size. 
However, mostly they range up to I mm in size. These feldspars are also more susceptible to sericite 
alteration, which is not observed with respect to plagioclase. The Kspar grains also appear to have 
been affected by hematite dusting. They usually display simple twinning, although a few grains show 
more complex forms of twinning. It appears to be one of the later-most minerals to crystallise from 
the melt and are thus anhedral in their form . Perthite is relatively common in the thin section and 
appears to have crystallised prior tot he plagioclase,. This implies the continuous formation of the 
feldspars from Kspar, through perthite then to plagioclase, with decreasing temperature of the melt. 
Quanz occurs as small, anhedral grains, less than 0.5mm in size. Its distribution throughout the thin 
section is uneven, being more common in some areas than others. In those areas where it is 
uncommon, plagioclase is the predominant mineral. There appears to be a secondary g,rowth of 
qua11z grains at the expense of feldspars, patticularly the petthitic fe ldspars. Primary quartz is a late-
stage crystall ising mineral. 
Grains of hornblende are usually from a longitudinal section and are mostly elongate and subhedral 
in form. They range in length up to I mm and are mostly twinned. Few cross-sectional grains were 
identified and displayed average cleavage patterns. Pleochroism is unusually low in plane light 
observation and this may be accounted for due to the later alteration of the hornblende grains by fine 
grained epidote. Few larger grains of hornblende have been completed converted to patches of 
epidote. It is noted that these grains occurred new narrow microveins that cut the tl1in section. 
Primary hornblende appears to have been one of the earliest minerals to have crystall ised. 
Few small cross-sectional grains of clinopyroxene were identified. These grains were subhedral to 
euhedral in form and generally around 0.5mm. Such grains were found ·within plagioclase, Kspar and 
quattz, indicating that they were amongst the earliest to have crystallised. No grains were found in 
direct contact with hornblende. 
The thin section is cut by a few narrow m icroveins. These veins appear to contain 
epidote/c linozoisite. It appears that these veins were responsible for introducing the fl uids into th is 
rock which has ultimately altered the mafic minerals within it. The microveins are generally 
discontinuous and somewhat anastomosing. 
Few very small grains of the accessory minerals apatite and sphene, were identified, subhedral to 
euhedral in form . 
Reflected I ight observation showed the presence of small grains of primary pyrite, secondary 
hematite (after pyrite), rare chalcopyrite, ilmenite. 
NH3 - Mine Dyke Group 
This thin section is composed of equigranular gra ins with an apl itic texture, with grain size 
approximately 0.2mm. Grains are anhedral with a minor amount of graphic intergrowth. However, a 
slightly coarser primary mineralogy appears to have been present, with grainsizes up to 0.5-1 mm. 
The modal mineralogy now is:-
Quartz 60% 
Kspar 25% 
Plagioc lase I 0% 
Epidote (in fractures) 5% 
Opaque minerals < 1% 
This modal mineralogy puts this rock in the boundary between quartz-rich granite and syeno-
granite. 
As previously stated, all grains, including quartz, are small and anhedral in form. The majority of 
quartz g rains display undulose extinction, imply ing that strain was experienced on this rock during 
crystal growth from the magma. Quartz is found in direct association with both Kspar and 
plagioclase. Like the feldspars, there appears to have been a secondary stage of growth of qua1tz 
grains. Few patches of early-formed quartz grains, up to 2mm in size were identified but have been 
subsequently overprinted by the secondary growth of quartz and feldspars, much smal ler in grainsize. 
Majority of Kspar grains are again small and anhedral in form. They are characterisedl by a dusting 
of ?hematite, shown as a brown dusting in plane light observation. No larger gra ins were identified, 
implying that they were either completely a ltered to the present mineralogy or were not present in the 
primary mineralogy. 
Plagioclase is similar in nature to both quartz and Kspar. It mostly occurs as small stubby laths 
(andesine) which appears to be the most recent stage of plagioclase growth. There appears to be a 
primary crystallisation of plagioclase, which has now been almost completely replaced by smaller 
grained qua1tz and Kspar. 
The section has been cut by several fractures, up to I mm wide, which have been filled dom inantly by 
epidote , with minor quartz in the centre of the fractures and opaque ?oxides on the fracture selvage. 
In places, the fluid in this fracture has infiltrated the groundmass, and most likely altered a pre-
existing mineral, possibly a mafic site. Such fractures are continuous and generally planar. 
A few very narrow, late calcite veins were identified. These veins were discontinuous and had no 
affect on the surrounding rock. 
NH7 - Mine Dyke Group 
This thin section consists of medium to large grained minerals, sub-porphyritic in form. The grains 
range in size up to 4mm and are angular and anhedral to subhedral. Grains are interlocking. The 
section has undergone a moderate degree of alteration, affecting dominantly the feldspars. The 
approx imate modal mineralogy is:-
Quartz 43% 
Kspar 15% 
Plagioclase 32% 
Clinopyroxene 10% 
This modal mineralogy places this rock in the granodiorite field. 
Plagioclase (ol igoclase) grains have been almost completely altered by .illite and a carbonate. 
Remnant grains show that the original gra ins were most likely hematitically dusted, as represented by 
the brown colouration of these grains in plane light observation. The primary plagioclase grains have 
a composition of bytownite. The grains are tabular laths and vary in size up to 2.5mm. Some remnant 
grains also display microcl ine twinning. 
Qua1tz grains are readily identifiabl e by the ir lack of alteration . The grains are angu lar and are mostly 
around I mm in size and rarely greater than this. These grains are primary minerals and are found in 
association with both fe ldspars. They often disp lay undulose extinction. Very small apatite grains can 
be observed within the quartz grains, a lthough this may be a factor of the lack of alteration that 
makes these accessory minerals vis ible. 
Some questionable gra ins of ?primary c linopyroxene are present These grains are being altered to 
amphibole (most likely hornblende) which can be seen on the rims of these grains. Primary 
hornblende appears to have been selectively a ltered to epidote and c linozoisite, with some cross-
sectional grains showing an alteration of their centres to epidote. Such grains are approximately lmm 
in size and are subhedral to anhedral in form. 
Min or amounts of actinolite are present and may be formed after ?pyroxene. 
NH8- Mine Dyke G roup 
This sect ion contains grains of variable size but mostly between 0.5-2mm. The grains are mostly 
anhedral and angular, w ith a granular texture. There has been a moderate degree of selective 
a lteration of certa in mineral types. The approximate modal mineralogy is:-
Quartz 35% 
Kspar 20% 
Plagioclase 30% 
Mafic mineral sites 10% 
Accessory minerals 5% 
(sphene, apatite, opaques) 
This approximates w ith an igneous composition of monzo-granite. 
Qua11z is characterised by its lack of a lteration. The gra ins are anhedral and angu lar in form . Their 
size is mostly around l mm. They d isplay undulose extinction, implying that the rock has suffered 
stra in during the c rystallisation process. It is a late forming mineral of the primary min era logy and 
tends to infil l previously crystallised fe ldspars. The grains now show some minor overprinting by 
?epidote and rarely contain inc lusions of apatite. 
Kspar are identified by their brown co lou rat ion under plane light observation. Weak perthitic textures 
can be identified. The grains are anhedral and somewhat angu lar in form , with their grains ize being 
around I mm. They are found in association with plagioclase and qua1tz. Very fine ?sericite grains 
have overprinted the Kspar grains and is most like ly a part of the hydrothermal alteration suffered by 
this rock. Grains which are located close to fractures often have very fine grained ?epidote and quartz 
attacking their grain boundaries. This indicates that these fractures have brought in the late stage 
hydrothermal alteration minerals, which selectively alter the rock. Minor amounts of secondary Kspar 
have developed in small areas of the thin section, which a lso contain the majority of the in fi lled 
fractures. However, there does not appear to be any connection between the two. 
Plagioclase (andesine) grains generally occur as stumpy laths around 0.5-1 mm in size. However, 
grains were also observed in to range up to 2.5mm in size. Their form is anhedral to subhedral. The 
grains show signs of strain, as observed in their twinning. Plagioclase grains typically show a slight 
brown co lou ration in plane light observation, which may indicate the occurrence of alteration, 
although the mineral which is causing this cannot be identified (possibly carbonate). Very fine 
gra ined opaques can be observed in the plagioclase grains. The grains have often been fractured and 
these fractu res have been infil led with ?epidote group minerals. However, this has .not altered the 
plagioclase grains. 
Mafic mineral sites are thought to have been originally ?pyroxene but have since been virtually 
completely altered to epidote + clinozoisite + opaques. The alteration is taking place from the rim to 
the centre of the grain. Rare grains of ch lorite were observed. These occur as elongate longitudinal 
sections which have been strained during crystal growth. Such grains are believed to have originated 
from primary hornblende or biotite, and are surrounded with fine grained Kspar grains and contain 
some epidote. These occurrences are coincident with the location of a fracture which is in fill ed with 
the same combination of minerals. 
Fine fractures cut through the section and mostly contain either calcite or epidote group minerals. 
The latter are responsible for some alteration and overprinting of plagioclase. 
NH9 - Mine Dyke Group 
This section has come from a high ly altered rock, which has little primary mineralogy remaining. The 
original texture is sti ll evident, being somewhat equigranular and holocrystalline. Minor amounts of 
myrmekitic texture were identified between quartz and feldspar. This implies that a high-level origi n. 
Alteration however, is not complete and some remnant feldspars can be identified. An approximate 
modal mineralogy is:-
Quartz 45% 
Kspar 40% 
Clinopyroxene 10% 
Accessory minerals <5% 
(sphene, allanite, apatite, zircon) 
This approximates to the composition of alkali feldspar granite. 
There have been two stages of Kspar growth. The earliest form has been almost completely altered to 
?sericite in places and in others are overprinted by a graphic intergrowth of qua1t z and feldspar. 
These primary grains are generally larger than the secondary, generally about l-2mm iin size and 
anhedral in form. Secondary Kspar growth shows microperthitic textures, and often hats an overprint 
of quartz and fe ldspar in graphic intergrowth. This occurs pa1ticularly along the grain boundaries. All 
Kspar grains have a pale brown colouration in plane light observation, which is seen as a pink 
colouration in hand specimen . 
There appears to have been two stages of growth of quartz. The majority of grains are primary 
crystals which are anhedral and angu lar. They are mostly l-1.5mm in size. They are characteristically 
free from alteration , however, accessory minerals (except for sphene) are found within these grains. 
Secondary quartz is part of the myrmekitic texture within the groundmass of this section and partly 
overprinting some minerals, possibly due to the breakdown of a pre-existing feldspar fraction. Some 
quartz grains display undulose extinction, indicating strain during crystallisation. 
Mafic mineral sites appear to have been originally clinopyroxene, as some grains still have remnant 
cores and few are relatively unaltered. Such sites are generally l-1 .5mm in size and it appears that the 
original mineral that occupied them were subhedral as relict crystal shapes can be identified. Such 
crystals were amongst the earliest to have formed. Most examples of the cl inopyroxene sites have 
been virtually completely altered to ?epidote and possibly sphene. 
Of the accessory minerals, sphene is the most common and can be see to occur as euhedral rhombs 
up to just under 0.5mm , in the section. But most ly it occurs as masses associated with the breakdown 
of clinopyroxene. Allanite and zircon are rare and occur as small subhedral and euhed:ral crystals 
respectively. 
NH10- Mine Dyke Group 
This thin section shows a degree of alteration of the primary lithology, which now has sutured grain 
boundaries. A considerable amount of graphic texture can be observed amongst relatively clear and 
larger quartz crysta ls. The orig inal lithology wou ld have once been sub-porphyritic. The size of the 
grains ranges from less than 0.5mm (dominantly the graphic overprinting) to rare quartz crystals that 
are up to 3 mm in size. The approx imate modal mineralogy is as fo llows:-
Quartz 30% 
Kspar 45% 
Plagioclase I 0% 
Pyroxene I 0% 
Accessory minerals <5% 
(sphene) 
This corresponds to the composit ion of syeno-g ra nite. 
There appears to have been more than one development of Kspar in th is thin section. Kspar gra ins are 
characterised by the development of perthitic textures. Primary Kspar grains, like other feldspars, are 
overprinted by a ?carbonate ?sericite combination in places and in others, is overprinted by a graphic 
inte rgrowth of quartz and ?Kspar. The primary grains were mostly around l- 1.5mm in size and 
anhedral in form . Secondary Kspar is noted in the vicinity of a late epidote-in filled fracture and is 
believed to be re lated to this fracture . Otherwise, it appears in equal proportion with quartz in the 
overprinting graphic intergrowth. 
Plagioclase (oligoclase) is relatively rare in th is thin section and those grains that can be observed are 
heav ily overprinted by the graph ic intergrowth of quart z and Kspar. The grains are generally short 
laths and are subhedral. Their grainsize is generally around 0.5mm. Few grains display pericl ine 
twinning. They are overprinted by Kspar and have hence formed prior to this feldspar. 
C linopyroxene grains are genera lly very a ltered and occur as anhedral grains generally up to 0.5mm. 
Due to the deteriorated stated of the clinopyroxene grains, it is difficu lt to determine ifthey are part 
of the primary lithology or have been introduced at a later stage. The gra ins in one area are found to 
alter to fibrous and somewhat radiating actinol ite. This area is coincident with the location of an 
epidote in fi lled fracture, which is also associated with the formation of late Kspar and the graph ic 
intergrowth of quartz and Kspar. Elsewhere, the breakdown of clinopyroxene is related to the 
location of sphene grains. 
As prev iously mentioned, severa l infilled fractures cut through the thin section. The most important 
of these has been mentioned above - the epidote infilled fracture. This fracture is believed to have 
been responsible for the formation of the graphic intergrowth between secondary quartz and Kspar, 
and also the breakdown of clinopyroxene. This fracture is in turn cut by a very late stage calcite 
infilled fracture, which has had little to no affect on its host rock. 
N H 11 - Basalt ic Dyke 
This thin section is from a fine grained volcanic rock. There is no preferred alignment of minerals, 
indicating that this rock is not a flow. The section contains approximately I 0% phenocrysts, which 
may have originally been olivine. These phenocrysts are generally <0.5mm and subhedral to 
anhedral. The phenocrysts indicate that the rock could likely be a dyke, offering slower cooling rates 
and thus the chance for phenocrysts to form. The groundmass of the section is dom inated by 
plagioclase laths (40%) and a dark material (50%) which has now been altered. ln light of the 
presence of plagioclase and primary pyroxene phenocrysts, the composition of this rock can be 
classified as a basaltic, most likely a dyke. 
The phenocryst fraction of this thin section has now mostly been altered to a low birefringent 
mineral, which may be antigorite if the originally phenocrysts were olivine. Some larger phenocrysts 
(up to I mm in size) may have been sanidine crystals which have been altered to clinozoisite. These 
phenocrysts tend to show more of a crystal shape. The phenocrysts are typically subhedral to 
anhedral and are <0.5mm in size and often show twinning These phenocrysts have been virtually 
completely altered. Some subhedral grains (?sanidine) show a higher birefringent mineral on the rim, 
possibly epidote, indicating that these phenocrysts are being subject to further alteration. 
Plagioclase laths present have a composition near the andesine/labradorite boundary. The laths are 
unoriented and are of un iform size (0.2mm) and density throughout the section. The subhedral laths 
are typically free from alteration. The are amongst the earliest minerals to have formed in this 
section. 
The rest of the groundmass fraction of this section was most likely comprised of dom inantly 
pyroxene but has now been mostly altered to most likely a mixture of Fe-Ti oxides, clays, ?chlorite 
and ?carbonate. If the original groundmass contained finer grained olivine crystals, the term 
iddingsite can be used to define the now brown coloured groundmass. 
The thin section has been cut by a thin fracture which has been infilled with dom inantly clinozoisite 
with minor actinolite. There does not appear to be any reaction of this infilling material with the 
surrounding host rock, implying that it has crystallised after the rock has been fully crystallised. 
NH12- Basaltic Dyke 
This th in section has come from a volcanic rock and has been highly altered. There is a small amount 
of small phenocrysts ( <5%) with the majority of the section comprising a very fine grained 
groundmass, which is aphanitic in hand specimen. The section has been cut by several fractures 
which have been infi lled. The material infill ing the fractures has also infi lled voids within the parent 
rock. As the rock was sourced from a dyke withi n the hangingwall to the orebody, the terminology of 
basaltic dyke is given to th is section. 
The phenocrysts of this section vary in size and display a variety of forms from round<~d anhedral to 
grains to subhedral grains showing primary crystal outlines. The grains vary in size up to lmm. Some 
crystal shapes resemble that of olivine and may give an indication of the primary composition of the 
phenocrysts. Most grains have been completely converted to a lower birefringent mineral, as with 
NH I I. If the primary composition was olivine, then this pseudomorphing material is most likely 
antigorite. However, there is the possibility that these sites are now composed of clinozoisite. 
The groundmass comprises very fine grained ?pyroxene (70%) and plagioclase (30%). The 
plagioclase occurs as very small laths that are unoriented away from the boundary with the country 
rock. Despite the fact that they have a decreased quantity near the boundary, the plagioclase laths are 
oriented parallel to the boundary, indicating the intrusion of this rock into the marble. The plagioclase 
is relat ively unaltered in th is section. 
The greater portion of the groundmass comprises highly altered and very fine grained ?pyroxene. As 
with NH II , this groundmass has most likely altered to a mixture of Fe-Ti oxides, clays, ?chlorite and 
?carbonate. Again, if the primary material was o livine, the alteration product would most likely be 
iddings ite. In plan light observation , it is characterised by its dark brown colouration. The 
groundmass becomes even finer grained as the boundary between the two rock types i:s neared. 
The section is cut by several phases of m icroveins, that also cut through the boundary between the 
basalt and the marble. The earliest of these is infilled with calcite. These are the minor phase of 
microveining. The next phase is more prom inent throughout the section and its mineralogy also fills 
in the large void that is near the boundary. The constituents ofthis phase ofmicroveining is 
dominantly minerals of the epidote group, particularly clinozoisite and epidote. The latest phase of 
microveining contains calcite and is subordinate. All phases ofmicroveining appear to have no 
immediate affect on their surrounding rock. Few opaque grains were identified on ~his contact. 
This thin section shows the boundary between this rock and the country rock in th is area, the 
marblised Cowriga Limestone Member. This contact is intrusive and has resulted in the local 
recrysta llisation of the marble to clinozoisite and epidote. This recrystallisation is limited to the 
immediate vicinity of the contact and does not continue further into marble. 
The volcanic part of this section resemb les a basaltic dyke with a chill margin. This has thus intruded 
into the marblised Cowriga Limestone Member. In doing so, it has caused only minor 
recrystal lisation of the marble immediate ly on the contact. 
NH13- Mine Dyke Group 
This plutonic rock contains somewhat equigranular minerals with a granitic texture. Some larger 
grains (Kspar) range up 3mm in length, however, the majority of grains are up to 2mm in size. The 
rock has experienced minor selective alteration and is one of the "fresher" examples of mine 
intrusives. The approximate modal mineralogy is:-
Kspar 30% 
Quartz 15% 
Plagioclase 15% 
Pyroxene I 0% 
Hornblende 15% 
Biotite 10% 
Accessory minerals <5% 
(opaques, sphene, z ircon) 
This modal mineralogy gives this rock a c lassification of monzo-granite near the boundary with 
quartz monzonite. 
There are several phase of hornblende development. Primary hornblende grains are subhedral grains 
up to I mm in size. These grains are unaltered and are few in number. Other hornblende phases have 
occurred at the expense of pyroxene and can be observed to rim pre-existing pyroxene grains. They 
are often associated w ith biotite. 
Cl inopyroxene grains are part of the primary mineralogy of th is rock. However, they a re being 
altered to hornblende on their rim s and the alteration of other grains is associated with the 
development of actinolite . The original grains were subhedral to anhedral in form and generally 
around 0.5-lmm in size. Opaque minerals are also located near the breakdown of pyroxene to 
hornblende, and may be associated with the process. 
Plagioclase grains occur as larger laths (up to 3mm) which have been selectively altered. Their cores 
are turbid due to the alteration by sericite. The cloudiness may be due to the presence of minute Fe-
oxides, as larger ones are visible. The laths are generally subhedral in form and appear to have been 
originally oligoclase in composition. Often the grains have been completely altered and these are 
characterised by the combination offine grained illite and the cloudy appearance c·aus,ed by opaques. 
There is a small amount of primary Kspar present in the section These examples display a perthitic 
texture and have suffered a similar alteration to the plagioclase. These grains range up to 2mm in size 
and are anhedral and rarely subhedral. There is also a secondary development of Kspar, which also 
displays perth itic texture but is devoid of the previously developed a lteration experienced by the 
primary feldspars. The development of the secondary Kspar is in conjunction with quartz. 
The quartz that is observed in this section is secondary, and has formed in conjunction with 
secondary Kspar. The grains range up to 0.7mm in size and are anhedral in form. Some grains were 
found to encompass previously developed actinolite, indicating the development of th is quartz was 
after the breakdown of pyroxene to actinol ite. 
Biotite flakes occur as anhedral grains that vary in size up to 0.5-1 mm. The grains often have opaque 
haloes which are re lated to the included z ircon grains. Longitudinal grains are strongly pleochroic 
and tabular. Other grains do not have strong pleochroism and thus do not show strong cleavage. 
Biotite is most often located in the vicinity of hornblende and cl inopyroxene grains and they are 
amongst the latest forming minerals from the primary magma. Apart from the haloes resultant from 
the radioactive decay of zircons, there is no alteration of biotite. 
There are a few rare grains of sphene, wh ich a re euhedral in their form and a re approximately 0.2mm 
in size. They are late forming. Opaque minerals are most often located w ith the mafic mineral sites 
and particularly the breakdown of pyroxene to hornblende. They are anhedral somewhat rounded 
grains that are generally around 0.2mm in size. The occurrence of zircon has a lready been discussed 
in relation to the opaque haloes in biotite. 
NH14- Mine Dyke Group 
The primary mineralogy of th is rock is equigranular ( l - 1.5mm) and uniform ly subhedral to anhedral. 
The texture varies throug hout the section from granitic to graphic and granophyric. There has been a 
small amount of late stage overprinting of some minerals and minor selective alteratio n. The 
approximate modal mineralogy is: 
Quartz 25% 
Kspar 40% 
Plag ioclase 15% 
Cl inopyroxene 10% 
Hornblende 5% 
Biotite <5% 
Accessory minerals <5% 
(sphene) 
The minera logy plots this rock into the field ofsyeno-gra nite. 
Quartz grains are typically anhedral and somewhat sub-rounded. They are generally of uniform size, 
around lmm. Undulose extinction is commonly observed, indicating strain. The gra ins are primary 
and typically occur w ith the feldspars in a mostly granitic texture. It is also observed in a graphic 
intergrowth with Kspar in places throughout the section . Rare zircon crystals are found enclosed 
within the quartz gra ins. 
Kspar grains in this section are characterised by the well developed formation of perthiitic texture. 
The grains are anhedral and s lightly more angular than the quartz grains and generally slightly larger 
(up to 2mm). It is one of the earliest formed minerals and the perthitic texture indicates the syn-
development of the two fe ldspars. Kspar is a lso observed with quartz in the development of the 
granophyric texture that is observed in places throughout the section. These patches often overprint 
pre-existing plagioclase grains. 
Plagioclase (oligoclase) grains have a similar size and form to Kspar. They are charact,erised by the 
cloudy nature of their cores, wh ich is caused by the growth of fine opaque minerals. The nature of the 
twinning shows that the grains have been placed under strain. The plagioclase grains appear to be 
amongst the earliest minerals to form as they have been ' overprint' by the graphic inte~rgrowth of 
Kspar and qua1tz. Few grains show the change to a more sodium-rich form of plag ioclase along thei r 
rims. 
Cl inopyroxene grains are around 0.5mm in size and mostly are longitudinal sections. The grains tend 
to occur in agg lomerations as opposed to separated grains. There appears to have been two stages of 
alteration of the primary clinopyroxene. First is the formation of hornblende along the rim of the 
grains. The second stage of alteration is the formation of acicular actinolite at the expe.nse of 
clinopyroxene. This is more visible throughout the section . 
Rare biotite grains (around 0.2mm) were observed and are pmtially altered to ch lorite. These grains 
are located th roughout the section and are not confined to any pa1ticular group of minerals. They 
appear to be primary grains. Minor amounts of sphene is also present, as both euhedraM rhombs and as 
masses. They are typically small (around 0.1 mm) and like b iotite, are not restricted in the ir presence 
by any pa1ticular mineral or group of minerals. Rare opaque minerals were also observed throughout 
the section and are of a similar size to the biot ite grains. They are sub-rounded and anhedral in their 
form . 
Small amounts of epidote and cl inozois ite were observed in the section. These grains have been 
introduced by a fracture that passes through the section. The fracture also contains m inor quartz. 
There appears to be no further alteration of the surrounding rock of th is vein. 
NHJSa - Mine Dyke Group 
This section is from an intrusive rock with only minor mafic minerals present. The grain size varies 
throug hout the section, up to 3mm, g iving a somewhat sub-porphyritic texture. Patches of 
granophyric texture has developed in places. There has been a moderate level of selective alterat ion. 
The approx imate modal mineralogy is:-
Plagioclase 15% 
Quartz 35% 
Kspar 35% 
Biotite 10% 
Mafic mineral sites 5% 
(clinopyroxene, hornblende) 
This modal mineralogy places th is rock in the syeno-granite field. 
Plagioclase (oligoclase) occurs as grains that range in size up to lmm. The grains are anhedral to 
subhedral in form and commonly d isplay turbid cores, showing the alteration to sericite and small 
opaques. The plagioclase that is observed is primary and was formed relatively early, w ith quartz in 
some places. The grains are located in an interlocking granitic texture with Kspar and quartz. 
Quattz has had a protracted period of crystal lisation, However, the grains that were observed were all 
primary. The grains are typically sub-rounded and anhedral in form, and around lmm in size. They 
are typically free of alteration and inclusions. As well as the rounded anhedral grains, quartz is a lso 
found in the granophyric texture that occurs in places throughout the section with k.spar. More 
myrmekitic texture is also observed with perthitic Kspar. Both of these textures indicate the syn-
development of quattz and Kspar. 
Kspar gra ins range in size up to 1-I.Smm, and are anhedral in their forril. The majority of Kspar 
grains contain perthitic texture however, these appear to be late-stage development of Kspar. Earlier 
Kspar gra ins (generally the larger ones) tend to have turbid cores and in some cases have a lmost been 
completely altered to sericite/opaques. Both stages of Kspar development appear to be primary. As 
d iscussed above, Kspar also occurs with quartz in the granophyric texture that is developed in places 
throughout the section. 
Biotite occurs as small (around 0.2mm) tabular grains. A lthough they can be located throughout the 
section, they are mostly located in the vicinity of the mafic minerals, where they may also be 
associated with opaques. The biotite grains are mostly altered or partially altered, to chlorite. 
The majority of mafic sites are occupied dom inantly by hornblende, although some sites still have 
primary clinopyroxene cores that have rims of hornblende. The grains are mostly around I mm in size 
and are anhedral to subhedral in cases. As stated above, they are often accompanied by biotite and 
opaque minerals. There is no interaction between the mafic mineral sites and the fe ldspars and quartz. 
Late forming fractures have been infilled with calcite. Th is has had no affect on the host rock. 
Reflected light observation revealed the presence of small specks of primary pyrite and chalcopyrite, 
secondary magnetite and hematite. 
NHISb- Mine Dyke Group 
This thin section is from the same rock as NH 15a. Therefore it has a very similar mineralogy and 
petrography. There are however, some small d ifferences which are listed here. 
Th is section has a greater proportion of quartz with respect to NH !Sa and some of this appears to be 
late. This is at the expense of Kspar which has a lower proportion in this section. Granophyric texture 
between Kspar and quartz is not as well developed in this sect ion e ither. Apart from these 
differences, the comparison of quartz and feldspars between the two sections shows little difference 
in their size, form and alteration. 
Primary hornblende can be identified in this section, with subhedral to euhedral cross-sectional grains 
being identified. Altered primary pyroxene grains were present in th is section as well as NH !Sa. In 
all, the mafic mineral sites are fewer in this section. 
Biotite is virtually the same in both sections, with no real distinction being identified. 
The section is cut by a relative ly wide fracture (2mm wide) which has been partly infilled by epidote 
and minor clinozoisite and quartz. Some epidote has formed outside of the fracture along gra in 
boundaries. Apatt from this, there is no immediate interaction w ith the surrounding rock. 
Reflected light observation showed the presence of primary pyrite, secondary magnetite and 
hematite. 
NHI6 - Mine Dyke Group 
This section has been sourced from aplitic material. The grainsize varies throughout the section from 
up to 5mm in the larger areas to 0.5-1 mm in the other areas. The texture is granitic and alteration is 
sporadic and selective. Grains are typically anhedral to subhedral in form. The most notable feature 
of this section is the presence of a set of sub-parallel microveins. The approximate modal mineralogy 
IS:-
QuaitZ 
Plagioclase 
Kspar 
Hornblende 
30% 
5% 
60% 
<5% 
This places this rock in the classification of alkali-feldspar granite. 
Kspar occurs as angu lar subhedral to anhedral grains that can vary in size up to 5mm. They typically 
display a variety of perthitic textures from anastomosing stringers to planar lamellae. The grains 
often have a small amount of sericite overprint, usually in the cores of the grains. In plane light 
observation, the perthitic feldspars are characterised by a brown colouration . The Kspar grains appear 
to be one of the ear liest formed minerals in th is section. 
Quartz is one the latest phases to have crystall ised from the magma in this rock, and tends to infill 
around the feldspars. The grains are anhedral and generally around 0 .5- 1.5mm in size. The grain 
boundaries w ith Kspar often has the development of a very fine grained epidote group mineral , 
probably clinozoisite .. Some minor undulose extinction is disp layed by the quartz grains . The grains 
are typically free from inclusions and alteration. Some minor patches of graphic intergrowth with 
Kspar is developed . 
Plag ioclase (oligoclase) grains are rare in this section. The grains that are present occur as subhedral 
laths up to I mm in size. The grains tend to become more sodic in their composition towards the rims 
as crystallisation has progressed. They tend to have quite turbid cores, a resultant of the 
crystallisation of?ill ite and fine grained opaques. 
Rare hornblende gra ins were observed in this section. Those that were identified appear to have 
formed afte r pyroxene, none of which can be identified any more. 
The series of sub-paralle l microveins that are observed appear to have had a small amount of 
movement on them as grains are terminated against the fracture. These have since been infilled w ith 
epidote group minerals and opaques. The opaques have infiltrated the surrounding roclk while the 
epidotes have been restricted to the fracture. There is a lso the crystall isation of late quartz in some of 
these fractures as well. The fractures are anastomosing and some are branch ing into each other. Some 
later fractures have been infilled with calcite but have no movement on them. 
NH17 - Mine Dyke Group 
This section has been sourced from an intrusive igneous rock. It d isplays apl itic texture between its 
prime constituents of fe ldspars and qumtz. Mafic minerals are absent, apart from minor biotite. 
Grains are anhedral to subhedral and range up to I mm in size. Minor patches of granophyric texture 
was observed. Minor amounts of secondary epidote is observed and alteration is restricted to 
selective alteration of feldspars . The approximate modal mineralogy is:-
Quaitz 40% 
Plagioclase 20% 
Kspar 35% 
Biotite <5% 
Epidote <5% 
This gives this rock the composition of monzo-granite. 
Quartz occurs as anhedral grains up to ltTtm in size which have formed late in the crystallisation 
process of this magma and are characteristically free from alteration. Some grains display a minor 
amount of undulose extinction. Inclus ions of apatite were observed in a few grains. Quartz is also 
found as part of the graphic intergrowth of itself and feldspar in places. This indicates the syn-
development of quat1z and feldspar. Thus quat1z has had an overlapping period of crystallisation with 
felspar. 
Plagioclase (ol igoclase) grains are generally smaller than the other main constituents of th is section. 
The mostly equant laths are generally around 0.5mm in size. Some grains are more elongated. In 
plane light observation, the grains are typically cloudy which is most likely due to the crystallisation 
of and alteration to fine grained illite and opaques. Plagioclase has crystall ised prior to Kspar. 
Kspar grains typically display perthitic texture. As stated above, the grains have crysta ll ised after 
plagioclase. The grains are anhedral in form and are generally around l-1 .5mm in size. The structure 
of the pet1hite is in the form of anastomosing stringers through often simple twinned grains. As with 
plagioclase, the grains are characterised by a brown colouration in plane light observation. Perthitic 
Kspar also occurs with quartz in a graphic intergrowth in places throughout the section. This 
indicates the syn-development of Kspar and quartz near the end of the crystallisation period for this 
rock. 
Biotite occurs as stubby plates throughout the section. These subhedral grains are generally <0.5mm 
in size. Most biotite grains are in the stages of being converted to chlorite. The location of the biotite 
grains is not related to the crystall isation of any other minerals in the section. The breakdown of the 
grains is also accompanied by the formation of opaques, particularly along the cleavage planes. 
Min or agglomerations of epidote and clinozoisite occur sporadically throughout the section. These 
patches may indicate the location of a primary mafic mineral site. However, the grains appear to 
overprint the pre-existing mineralogy. The crystall isation of the epidote group minerals is not re lated 
to any veins or fractures that pass th rough the section. In places, the crystallisation of these minerals 
occurs along microfractures through individual grains and then along grain boundaries. This indicates 
that the epidote group minerals have been sourced from an external source and have crystallised post-
crysta llisation of the rock. 
The section has been cut by several fractures. The majority of these are not fi lled. However, one set 
of fractures are generally intermittent and are fi lled with epidote and minor very fine grained 
opaques. The microveins have no immediate affect on the surrounding rock except for a few places 
where the epidote crystallisation has continued out from the fracture along g rain boundaries. 
Reflected light observation showed the presence of small specks of chalcopyrite, pyrite, secondary 
hematite and magnetite, bornite w ith chalcopyrite. The chalcopyrite is also located within late cross 
cutting fractures. 
NH 18- Mine Dyke Group 
This section is from an intrusive rock which has been cut by an infilled fracture which is 
approxim ately 5mm wide. From th is main fracture, several smaller fractures have branched out that 
have cut through the surrounding rock and have experienced a small amount of movement. The host 
rock is composed of anhedral to subhedral felsic minerals in a granitic texture. The g ra insize varies 
from places of 0 .5- 1 mm to areas where the grains size is around l -1.5mm. The finer gJrained fract ion 
is likely to be related to the fractures that cut through the rock and have broken the grains. The 
approximate modal mineralogy of the host rock is:-
Quartz 40% 
Kspar 45% 
Plagioclase 15% 
Mafic mineral sites <5% 
Accessory minerals <5% 
This places the rock in the classification of syeno-granite, near the boundary with monzo-granite. 
Quartz occurs as equant anhedral grains that range up to I mm in size. The grains typically show 
undulose extinction which indicates the presence of strain on the rock. It was late in the 
crysta llisation of the primary mineralogy of the rock. The grains are typically free from alteration and 
inclusions, and they have stable grain boundaries with the feldspars. 
Kspar grains show a variety of perthitic structures from planar to anastomosing stringers. The grains 
are anhedral and of a similar size to the quartz grains, w ith a few larger grains being elongate and up 
to 3mm in length. In plane light observation, the grains are characteristically brown in colour. The 
majori ty of grains show some degree of alteration to sericite, in some cases along the perthitic 
lamellae. Rare examp les of small microcline grains were observed. Such grains were <0.5mm in size 
and equant and subhedral in form. The grain boundaries of Kspar is stable with the other minerals. 
Plagioclase (ol igoclase to albite) occurs as a variety of grain shapes and sizes. They are most 
commonly small grains, around 0.5mm, and short subhedral laths. Several grains rang1e up to 2mm in 
length and are more elongate. A large proportion of the grains show that they have experienced strain 
which is observed in their twinning. Some gra ins show the crystall isation of a more sodium-rich 
plagioclase (albite) around a core of oligoclase. This indicates that the melt has become progressively 
more sodium rich during the crystallisation process. The majority of gra ins show a. degree of 
alteration to illite. Plane light observation shows this as turbid cores, indicating that there is most 
like ly the crystall isation of very fine gra ined opaques in conjunction with the illite. 
Rare mafic mineral sites have now been completely converted to fine gra ined masses of epidote 
group minerals and opaques. Rare biotite gra ins were also identified which have been partly 
converted to chlorite. Rare sphene was a lso observed to overprint the pre-existing min,eralogy. 
The larger vein that is observed through the section appears to have had a certain amount of 
movement a long it as a p iece of the surrounding rock has been caught up w ithin the vein. The 
se lvage of the ve in is composed of a dark fine gra ined mass that comprises epidote-clinozoisite-
calcite with minor opaques and ?sphene. The vein itself is dominated by calcite, with occasional 
voids. The dark fine grained mass on the selvage. 
Joining into th is main vein are a series of very fine fractures, which have cut through and in some 
cases terminated, the pre-existing grains of the host rock. The fine fractures are filled in p laces by 
very fine ?epidote and ?opaques. The fine fractures are anastomosing and branch into one another 
and cannot be traced through the main ve in, thus indicating that they were either formed prior to the 
main vein or are subsidiary structures to its formation. 
NH20 - Mine Dyke Group 
This intrusive rock has undergone a substantia l amount of a lteration. Primary texture is virtually non-
existent; only quartz and rare amphibole remains of the primary mineralogy. Due to the high degree 
of alteration, an approximate primary minera logy cannot be determined. Thus its compositional name 
is d ifficu lt to ass ign. Due to the high amount of quartz it most likely plotted within the granite fie ld 
but without knowing the re lative amounts of the feldspar, this cannot be cla rifi ed . 
Quartz is the one of the only remaining primary minerals. It comprises approximately 35 to 40% of 
the section. The grains are interstitial and are typically free of inclusions and alteration. Undu lose 
extinction is common. The grains are typically up to 2mm in size and are anhedral in form. They are 
usually overprinted by the alteration products. 
Rare primary amphibole is observed through the section. Such grains are around 0.5 to I mm in size 
and range in form from anhedral to subhedral. The grains display reasonable cleavage and show little 
to no pleochroism. However, the majority of amph ibo le grains have since been overprinted by 
clinozoisite and sphene due to alteration. 
Rare small grains of plagioclase were identified. These grains were subhedral and were generally less 
than 0.5mm in size. 
The vast majority of the section is overprinted by masses of alteration minerals. These aggregates 
comprises dominantly clinozoisite-epidote with sphene. The alteration has affected the feldspar 
content of the section the most and then the amphibole content. 
Few euhedral grains of zircon were identified scattered throughout the section and.?monazite. 
Reflected light observation showed the presence of small specks of secondary magnetite, hematite, 
trace sphalerite, primary pyrite and chalcopyrite, sphalerite. 
NH22- Mine Dyke Group 
This section comprises two distinct textures and mineralogy. The majority of the section is composed 
of intrusive materia l that has been strongly overprinted by alteration minerals. Quartz and amphiboles 
are the dominant primary minerals that have been preserved. The second pmt of the section is that 
situated around a large elongate patch of opaque material that measures I Omm by 3mm in size. This 
part of the section is domina ted by calcite overprint. The two sections are separated by a zone of sub-
rounded interlocking quartz grains. As with NH20, the intrusive part of this section is difficult to 
classify due to the high amount of weathering. However, as the quartz content is considerably high, 
the classification of granite is used. 
The primary mineralogy ofthe intrusive portion of this section is dom inated by qua1tz. The quartz 
grains are interstitial and range in size up to I to 1.5mm. They are typically anhed1'al and 
interlocking. Some undulose extinction can be observed. In this portion, it makes up ajpproximately 
30% of the mineralogy. The other primary mineral that can be observed is rare amphibole grains. 
These are few in number (less than 5%) and display little to no pleochroism. The majority of this 
portion is domina ted by the alteration products of cl inozoisite-epidote. They appear to have 
overprinted the primary mineralogy and affected the fe ldspars preferentially. Sphene is commonly 
found within these masses and occurs as cuhedral grains less than 0.5mm. 
The area of the section that is associated with the opaques (bornite, from hand specimen) is 
dominated by a calcite and quartz composition. The calcite appear to have overprinted the quartz. 
The quartz grains are small (around 0.2mm) and subrounded in an aplitic texture. There appears to be 
skeletal remnants of mafic minerals (?pyroxene) within the quartz mass. The calcite occurs as fine 
grained masses overprinting this mineralogy. Moving away from the opaques, the calcite becomes 
finer grained and increases in abundance. 
The zone of quartz grains forms the boundary between the two portions of the sections. The zone has 
gradational contacts with both areas of the section. This implies that the opaque related feature in this 
section is the result of an alteration front and is not a separate rock type for example an inclusion. 
Thus the mineralisation in this section has occurred after the intrusion of the granitic material. 
NH24- Mine Dyke Group 
This in trusive rock shows little primary mineralogy. Primary quartz is readily visible and rare alkali 
feldspar. However, the majority of the section is overprinted by epidote group mineral alteration. 
Prior to alteration, the rock would have been best classified as a quartz-alkali fe ldspar dyke or aplite. 
The quartz in this section is generally interstitial. The grains are mostly around I mm in size and are 
anhedral in form. Undulose extinction is a common feature. Rare sites of graphic intergrowth 
between the quartz and feldspar were observed. These were the only cases were primary feldspar was 
observed. 
The majority of the section has been overprinted by epidote group minerals. ln one portion of the 
section, this has occurred in conjunction with ?carbonate . However, about half the section consists of 
almost massive epidote group mineral accumulation. Rare patches of quartz and feldspar can be 
observed within the alteration masses. 
NH25- Mine Dyke Group 
This intrusive rock has undergone selective but pervasive alteration, with some mineral phases being 
virtually completely altered. The grainsize is medium grained. The form of the majority of the 
minerals is su bhedral. The grains display an interlocking granitic texture. The approximate modal 
mineralogy prior to alteration that can be ascertained is: 
Quartz 5% 
Feldspar 50% 
Hornblende 40% 
Biotite 5% 
As the majority of feldspars can no longer be distinguished, an approximate classification for this 
rock would be monzonite. 
The quartz grains that are present occur as interstitial grains that are generally around 0.5mm in size. 
They have crystallised late and are hence anhedral in form. They typically display undulose 
extinction and are free from alteration or inclusions. They are however, overprinted by alteration 
products of neighbouring crystals. 
The fe ldspars are the most altered primary minerals in this rock. They occur as laths up to 2.5mm in 
size. The majority of grains have now been completely altered to a fine grained of dom inantly sericite 
with ?carbonate and opaques. Alteration has started in the cores of the grains and moved out towards 
the rim. However, a few grains have not been completely altered and show that they were once 
plagioclase in composition (?labradorite). As no alkali feldspars were observed, it could be assumed 
that the majority of the feldspars were plagioclase. 
The hornblendes in this section are primary hornblende. They are generally around 0.5-lmm in size 
and subhedral to euhedral grains are common. The crystals range from longitudinal sections to cross 
sections, wh ich typically display good cleavage. Where hornblende grains are in contact with quartz, 
the amphibole has been altered to fine grained acicu lar actinolite. Longitudinal sections seem to be 
altered to epidote along the length of the grains. 
Biotite-phlogopite was identified throughout the section. These flakes were generally less than 
O.Smm and were subhedral in form. These grains have a ll been altered to chlorite. 
Reflected light observation showed the presence of small specks of primary pyrite and chalcopyrite, 
secondary hematite (after pyrite), magnet ite, bornite (associated with chalcopyrite). 
NH26a - Mine Dy l<e Group 
This section now cons ists of a mass of epidote group minerals. No primary minerals or texture can be 
observed. Some have replaced what appear to have once been ?amphibole. Such grains range in s ize 
up to l mm and are subhedral in form. However, these make up only approximately I% of the 
section. The rest of the section comprises a mass of fi ne grained epidote group minerals. A few small 
qua1tz grains were observed. Few opaques were also scattered throughout the section. 
NH26b- Mine Dyke Group 
Th is section has been sourced from the same dyke as NH26a. However it contents are coarser grained 
and the alteration to epidote group m inerals has not been as intense. 
Quartz comprises the majority of this section. The grains are typically around 0.5-1 mm in size and 
are anhedral in form. They comm only d isplay undulose extinction and have an interlocking texture. 
The gra ins are being overprinted by the epidote group minerals. Very fine grained epidote can be 
observed along the grains boundaries. 
Rare grains of plagioclase were observed. These grains were a ll less than O.Smm in size and 
subhedral in form. They are also in the process of being overprinted by the epidote alteration. This 
suggests that some of the epidote sites were once fe ldspar. 
Some of the epidote sites appear to have once been ?amphibo le but have now been completely 
altered to epidote group minerals. 
An approximation for the orig inal composition of th is rock would have been ?aplite but is now in the 
process of being altered to epidote group minerals. 
NH27 - Mine Dyke G roup 
Thi s intrusive rock is a lso being affected by alteration to epidote group ·m inerals. One half has been 
more affected than the other, suggesting the passage of the alte ration fluids. While the primary 
texture can still be observed (granitic) the primary mineralogy has mostly been altered, apart from 
quartz. As such, approximate percentages cannot be determined for the precursor to th is rock. Thus a 
compositional name is difficult to determine. In comparison with other epidote-altered rocks, this 
rock has far less quartz and possibly more feldspar prior to alteration. Thus, an approximate 
compositional name cou ld be qua rtz monzonite. 
The quartz that has been preserved is interstitial and comprises 7% of the section. These sites are 
generally less than O.Smm in size and are anhedral. The quartz displays some undu lose extinction. It 
was a late crysta ll is ing phases from the orig inal melt. 
Plagioclase (andesine) is rarely preserved. Such grains are generally small equant laths (around 
O.Smm). Rare less a ltered grains are up to 2.5 to 3mm in size. They are also suffering the affects of 
alte ration to epidote, generally from the core to the rim .. Rare alkali fe ldspars have been preserved 
and those grains that were observed occurred as perthite. Due to the lack of alkal i feldspars the 
composition may be a quartz monzodiorite. 
In the less a ltered part of the section, primary amphibole (?hornblende) can be observed. Although 
these grains are suffering alteration by the epidote group minerals. The grains are subhedral and 
occur as long itud inal, oblique and cross sections. Their size ranges up to 1.5mm. 
Rare grains of ?actinolite were observed . These have most probably been formed oy the breakdown 
of primary amphibole. 
NH29 - Mine Dyke Group 
This section is of an intrusive rock that displays well developed crystals in a range of s izes. There has 
been selective a lte ration, dominantly of the feldspars. Approx imate modal minera logy is: 
Quartz 10% 
Plagioclase 40% 
Alkali feldspar 15% 
Amphibole 30% 
Biotite-Phlogopite 5% 
Th is gives this rock a class ification of quartz monzodiorite. 
The quartz in this section has crystall ised late. It form s as interstitial grains, infil ling a round pre-
existing crysta ls. As such the grains are anhedral and range up to 2-3mm in size. Minor undulose 
extinction is d isplayed. The grains are typically free from inclusions and have not been overprinted 
by alteration products. It has stable grain boundaries with a ll neighbouring minera ls. Few gra ins have 
been cut by minute late fractures that have been in fi lled with ?epidote. 
Plagioclase (?o ligoclase) occurs as equant laths with a variety of sizes, up to 3mm . The majority of 
grains have been a ltered by sericite. The a lteration preferentia lly affects the larger crystals and occurs 
from the cores to the rims. In some cases, the a lteration follows c leavage planes. The majority of the 
larger grains have been completely altered to a fine grained mass of sericite and opaques. The larger 
gra ins are amongst the earliest minerals to crystallise from the melt, with the smaller grains 
crystal! ising s lightly later. 
Alkali fe ldspar grains have crystallised late, around the same time as the quartz. It also occurs 
interstitia lly between infilling gaps between the earlier formed grains. The grains show a small 
amount of overprinting by sericite. Very min or amounts of graph ic intergrowth was o bserved w ith 
quartz. 
Amphibole occurs mostly as longitudinal sections that range in size to about 1.5mm long. Few cross 
sectional and many oblique sections are a lso observed. The grains are typica lly anhedral to subhedral 
and have had little to no a lteration. Rare patches of actinol itic amphibole were identified and are 
believed to have formed from the breakdown of the primary amphibole. They are amongst the 
earliest minerals to crystallise from the melt. 
Few grains of biotite-phlogopite were identified throughout the section, Some of the grains are 
undergoing alteration to chlorite. The flakes occur as equant grains generally up to 0 .5mm in size. 
They are typica lly located with the amphibole grains. They have formed at a similar timing to the 
amphibole or slightly later. 
Reflected light observation showed the presence of small specks of primary chalcopyrite and pyrite, 
secondary hemat ite, magnetite, bornite (w ith chalcopyri te). 
NH30- Carcoar Granodiorite 
The constituents of this section are typically anhedral and generally equigranular, around 0.5-1 mm in 
size. There is the growth of patchy secondary minerals and selective alteration. The approximate 
modal minera logy is: 
Quartz 
Plagioclase 
Alkali feldspar 
Biotite- Phlogopite 
Amphibole 
40% 
30% 
10% 
5% 
15% 
This gives the rock a classification of granodiorite. 
Quartz occurs as late interstitial grains that have infilled gaps between earl ier formed c rystals. The 
grains are mostly around 0.5- 1 mm in size and generally occur w ith the feldspars. They have stab le 
grain boundaries and have been cut by very late microfractures which have been infilled with 
?epidote. 
Plagioclase (oligoclase) occurs as a variety of grains. They range in size up to I mm . The larger grains 
disp lay growth zones and compositional zoning, which is rarely evident in the smaller grains. All 
plagioclase have been dusted by sericite which in some cases has followed small microfractures. The 
grains have crystal lised prior to the quartz and a lkali fe ldspar but after the amphibo le. 
Alkali feldspar occurs in a similar fashion tot he quartz in this section. It has a lso crystallised late and 
is thus interstitial. These feldspars have also been dusted by fine grained seric ite. 
Amphibole (hornblende) grains are typical ly small (around 0.5mm) and anhedral in form. They are 
amongst the earl iest minerals to have crystallised from the melt. The grains tend to accumulate in 
aggregates. Few grains show minor a lteration to epidote. They are typically found in association with 
biotite-ph logopite. 
The biotite-phlogopite grains are typically less than 0.5mm in size and occur as flakes in association 
with the amphibole. The grains show some alteration to chlorite and have crystall ised in a similar 
timing to the amphibole. 
Reflected observation showed the presence of scattered specks of pyrite, hematite (mostly after and 
in association with pyrite), magnetite, chalcopyrite. Pyrite and hematite are commonly located within 
feldspars. Magnetite is secondary. Pyrite and chalcopyrite are primary. 
NH31- Carcoar Granodiorite 
This in trusive rock is medium grained and the minerals are anhedral in form . The texture is granitic 
and the minera ls are equigranular. There has only been minor selective a lteration of the feldspars and 
the amphibole. The approximate modal mineralogy is: 
Quartz 35% 
Plagioclase 35% 
Alkali fe ldspar 15% 
Amphibole I 0% 
Biotite-Phlogopite <5% 
This gives th is rock a composition of granodiorite. 
Qumtz in this section is interstitial and has formed late in the crystallisation of this rock. As it has 
infilled gaps between pre-existing grains it is anhedral. The grainsize is generally around 0.5-1 mm. 
Few grains show undulose extinction. They have stable grains boundaries with all bordering 
minerals. A few specks ofactinolitic amphibole has overprinted the quartz grains which is related tot 
he breakdown of the primary amphibole. 
Plagioclase (oligoclase) occurs as subhedral to anhedral laths that range up to 0.5- lmrn in size. Rare 
grains occur that are up to 3mm in size. The grains are typically cut by microfractures which have 
been infilled with ?sericite which is causing the breakdown of the grain.s. Rare grains display 
compositional zonation. Other grains show almost complete dusting of fine grained sericite and 
opaques. The plagioclase grains have crystall ised before the quartz and around the same time as the 
alkali feldspar. 
Alkali feldspar occurs in a similar habit to the plagioclase. It's grainsize is typically around 0.5- I mm 
and the grains are anhedral. They more readily display compositional zoning and also have the same 
dusting of sericite and opaques as the plagioclase. The sericite alteration is also observed to fo llow 
cleavage planes throughout the mineral. 
Amphibole grains to accumulate throughout the section. The grains are anhedral and are generally 
less than 0.5mm in size. The grains are somewhat ragged, being altered to ?epidote. The amphibole is 
typically in association with biotite-phlogopite flakes and is stable with them and other minerals. 
Small flakes of biotite-phlogopite are scattered throughout the section, although they are most 
commonly associated with amphibole patches. The flakes, around 0.2mm in size, are somewhat 
ragged and show minor alteration to chlorite. They have crystal lised at around the same time as the 
amphibole. 
Reflected light observation revealed the presence of specks of pyrite, chalcopyrite, hematite (mostly 
after pyrite), magnetite. These grains are disseminated throughout the section . 
NH33a- Mine Dyl<e Group 
This sample was taken from a loose rock that contained a darker ?xenolith in it. This section is from 
the more fels ic part rock. The rock is clearly intrusive and the constituents are subhedral and range up 
to 2-3mm in size. The texture is gran itic and equigranular. The approximate modal mineralogy is: 
Quartz 15% 
Plagioclase 40% 
Alkali feldspar 25% 
Amphibole 20% 
This gives this rock a classification of quartz monzonite. 
The quartz in this section is late and is interstitial. As such, it is anhedral and is generally around 
I mm in size. The grains show minor undulose extinction. There appears to be some minor cases of 
sutured boundaries, which may suggest recrystallisation of the quartz. 
Plagioclase (oligoclase) has been selectively altered. The original laths are up to 3mm in size and are 
subhedral. The grains often show compositional zoning, becoming more sodic in composition . The 
grains have been dusted by fine grained sericite and opaques (?hematite). Some grains have been 
completely altered. These tend to be the larger grains. The smaller grains tend to be better preserved. 
Alkali feldspar grains have also suffered alteration to seric ite and opaques. The original grains were 
subhedral to anhedral and are about 0.5-1 mm in size. They have crystallised later than the plagioclase 
but s lightly earlie r than the quartz. 
Amphibole (hornblende) occurs in a variety of orientations from cross sections to long itudinal 
sections. C leavage is very well developed. The grains are generally subhedral with rare euhedral 
cross sections. The grains range up to I mm in size. The grains tend to cluster together. Some of these 
clusters, and rare individual grains, show minor alteration to epidote. The amphiboles were the 
earliest of the minerals to crystall ise from the melt. 
Rare zircon and apatite grains were identified. 
Polished section observation revealed the presence of specks of chalcopyrite, pyrite, ilmenite, 
sphalerite. All gra ins were very fine ( <0.1 mm) and disseminated throughout the section. Pyrite was 
often found occurring in direct association with sphalerite. 
NH33b - Mine Dyke Group 
This section was sourced from the more mafic section of the rock. However, there is no real change 
in the modal mineralogy between th is section and NH33a. The only notable difference is that 
alteration is more advanced in this section than in the previous one. The fe ldspars have almost all 
completely been altered to fine grained masses of sericite and opaques. The amphiboles have also 
slight ly more advanced a lteration than NH33a. Apat1 from these changes, the minerals have the same 
approximate abundance and form . In refl ected light observation, this section is similar to NH33a, 
except that specks of bornite were identified in association with chalcopyrite. 
NH36 - Mine Dyke Group 
This section has a sub-porphyritic texture and is obviously intrus ive. Grains range from anhedral to 
subhedral and also vary in grainsize. Some minerals range in size up to 3-4mm. Generally, the 
groundmass fraction is typica lly 0.5-1 m in size. The section has been a ltered to a degree and the 
alteration process has been selective. The section is noticeably higher in mafic minerals than others 
and the fe ldspars of this section are different from the predecessor sections. The approximate modal 
mineralogy is:-
Quartz 25% 
Plagioclase 45% 
Kspar I5% 
Hornblende I 0% 
( includes other mafic sites going to hornblende) 
Biotite 5% 
This gives th is rock a classification of granod iorite. 
The quartz in this section occurs as smaller, sub-rounded grains which are generally around 0. 5mm in 
size. Most of the grains occur as late interstit ia l grains between the larger feldspar laths . The grains 
are typically free from alteration and major inc lusions and on ly a few disp lay undulose extinction. 
Few grains appear to overprint feldspar grains and may be related to a late-stage overprinting of 
quartz, perhaps a silica a lterat ion/flooding of the rock. 
Plagioclase (andesine to oligoclase) makes up the greater portion of th is section, and have a variety of 
compositions, whereby the smaller grains are typically of ol igoclase composition and the larger 
gra ins a re of andesine composition. Th is shows that there have been two stages of plagioclase 
growth, as the melt has become more sodium rich and calcium depleted. Overall , the grains are large 
and g ive the section a sub-porphyritic texture. The laths range in size up to 5mm and are subhedral. 
The most noteworthy attribute of the plagioclase grains is the presence of growth zones. Most of 
these zones are marked by the presence of a very thin layer of impurities w ithin the edge of the 
grains. T hese impurit ies appear to be very fine grained opaques. In most cases, the· composition of 
the plagioclase does not change from the core to the rim . However, in a few gra ins, there is the 
growth of an a lka li fe ldspar on the outmost rim of the plag ioclase grains. The plagioclase grains 
typically show a small degree of alterat ion to fi ne gra ined ill ite and opaques. 
Kspar grains a lso display similar growth zones to the plagioclase laths. The grains are a lso usually 
larger, adding to the sub-porphyritic texture a lready developed by plagioclase. The mostly subhedral 
gra ins range up to 4mm in size and tend to be more equant than the e longate plagioclase laths. The 
Kspar gra ins show a g reater degree of a lteration , which is most heav ily developed in the cores of the 
grains. This is d isplayed as a dark c loud iness in the grains and is most like ly caused by the 
crystallisation of fi ne grained opaques and seric ite. Some grains show that the a lteration is following 
the cleavage p lanes ofthe mineral. A very minor amount ofperthitic texture is developed in rare 
gra ins. This lack of perthite indicates the d istinct crystall isation periods for each feldspar and the lack 
of overlap in them. 
Mafic mineral sites are commonly ragged and show a moderate to high degree of a lteration. The 
original grains (pyroxene) were generally around 0.5- 1 mm in size and anhedral in fom1 . Most sites 
have now been a lmost completely a ltered to hornblende and actinolite in some places. The 
breakdown of the pyroxene gra ins is a lso coincident with the formation of small opaque gra ins. 
Biotite flakes are a lso associated with the location of the mafic mineral sites. 
As stated above, biotite is usua lly located w ith the mafic mineral sites. The gra ins are s ubhedral and 
occur as lath like flakes showing a lmost perfect cleavage. Most grains show some degree of a lteration 
to chlorite . 
Th is sect ion has only a very minor amount of opaque minerals. The most frequently occurring ones 
are pyrite and magnetite. These two minera ls occur scattered throughout the section, but are mostly 
associated w ith one another. The pyrite and some of the magnetite appear to be primary in origin. 
The pyrite can range up to 0. 1 mm in sub-rounded gra ins, which are rarely em bayed. The other most 
dominant mi nera l is chalcopy rite. These mainly minute specks of euhedral gra ins occur in patches 
within the section. In comparing this section w ith the others of the same intrusive body and other 
similar intrusives, it has far less opaque minerals. Also there is less a lteration to magnetite from the 
mafic sil icate minera ls. 
NH37 - Carcoa r Granodiorite 
This section has been sourced from a porphyritic intrusive rock. The felsic minerals tend comprise 
the larger g ra ins in the section and also tend to be subhedral. The section a lso has a considerable 
component of primary mafi c minerals. The majority of these are a ltered to some degree but the 
orig inal gra ins are mostly subhedral to anhed ral in form. The approximate modal mineralogy is:-
Plagioclase 40% 
Quartz 35% 
Kspar 5% 
Clinopyroxene 5% 
Hornblende I 0% 
Biotite <5% 
This places this rock in the category of granodiorite near the tona lite boundary. 
Plagioclase (andesine to oligoclase) occurs as subhedrallaths ranging in size up to 3mm. The laths 
show a variation in their composition from an andesine core to ol igoclase rim. This indicates the 
change in the chemistry of the melt to more sodium-rich. The variation in composition is most visible 
in the larger laths. Also within such grains are growth zones. These growth zones are marked by the 
presence of a very fine layer of fine grained ?opaques. The plagioclase grains are typically dusted 
with a small amount of alteration, to ? illite and fine grained opaques. The larger laths tend to show 
more alteration than the smaller gra ins. 
Quartz generally occurs as a late interstitia l mineral. Consequently, the grains are anhedral. The size 
of the grains varies according to the space between pre-existing minerals but is generally around 0 .5-
1 mm. The grains are typically free from alteration and major inclusions and show only minor 
undulose extinction . They occur in a stable relationship with all other minerals. 
Kspar grains are rare in the section. The grains that are present occur as subhedral grains which range 
in size up to 2-2.5mm. Few grains also show the same development of growth zones, as with the 
plagioclase laths. However, Kspar grains are invariably heavily altered to a dark, fine grained mass of 
sericite and opaques. 
Cl inopyroxene occurs as anhedral to subhedral grains in a variety of orientations and rang ing up to 
I mm in size. As the grains show varying degrees of alteration to hornblende, they tend to be ragged 
in appearance. There is also the possibility ofthe development of epidote as an a lteration product or 
overprint of these minerals. 
Hornblende, on the other hand, occurs both as primary grains which are in a variety of orientations, 
and as the alteration product of clinopyroxene. In this case, it occurs a lso with actinolite. The primary 
grains occur in a variety of orientation, but the cross sectional grains show well developed cleavage. 
The primary grains are usually around 0.5mm in size and can be subhedral to rarely euhedral. The 
secondary development of hornblende is more anhedral in form and as previously stated, occurs after 
c linopyroxene mineral sites. 
Biotite occurs as small flakes which are <0 .5mm in size. The flakes show well developed cleavage 
and are thus longitudinal sections through the mineral. The grains invariably show some degree of 
a lteration to chlorite. The location of biotite grains is dominantly with the mafic mineral sites. Their 
development may have occurred post-crystallisation of the primary mineral phases. 
The section is cut by a narrow, anastomosing fracture which appears to be infilled with fine grained 
opaques and possibly ?epidote group minerals. There has been no immediate impact of this infilled 
fracture on the su rrounding rock. 
This section is scattered with disseminated, minute specks ofsubhedral to euhedral chalcopyrite. Few 
subhedral grains can reach up to O. l-0.2mm in size. However, the far more dominant opaque mineral 
is pyrite. This occurs intimately with magnetite. The pyrite grains are sub-rounded and embayed in 
places, which indicates that they are primary minera ls. They range in size up to 0.2mm. The 
magnetite is formed from the breakdown of mafic sil icate minerals and is found along the cleavage 
planes of these minerals. It often rims the pyrite g ra ins. There si a concentration of chalcopyrite 
specks along an anastomosing fracture through the section. A few minor specks of pyrite were also 
located along this fracture. 
NH38- Mine Dyke Group 
This section is from a intrusive igneous rock and displays a well formed granitic texture. The grains 
range in size up to 3mm , with the larger grains being the fe ldspars. The majority of grains are 
subhedral and there has been relatively little alteration, except for minor selective alteration of some 
minerals. The approximate modal mineralogy is:-
Piagioclase 32% 
Kspar 28% 
Hornblende 13% 
Clinopyroxene 7% 
Quartz 15% 
Biotite 5% 
This gives this rock the composition of quartz monzonite bordering with monzo-granite. 
The larger grains in this section are the relatively early formed plagioclase (oligoclase) laths. The 
elongate laths can reach up to 3mm in length and the grains are subhedral. The grains show a minor 
amount of zonation on their outermost edges to a progressively more sodic-rich composition. 
Alteration of the plagioclase is typically to sericite and this is observed as an overprint of fine grained 
illite grains. This tends to be fwther developed in the cores of the grains over the rims. Apart from 
this, the grains are stable with their surrounding minerals. 
Kspar grains also occur as laths that can vary in size up to 2-3mm, however, they tend to be more 
equant than the plagioclase grains. Most grains display a zonation of composition from the core to the 
rim and all grains are typically altered. The most common form of alteration is an overprint of fine 
grained sericite, which is fUither developed than that in the plagioclase grains. This is sometimes 
accompanied by fine grained opaques. The Kspar grains appear to have crystall ised pnior to the 
plagioclase, and li ke them are stable with surrounding minerals. 
Quartz occurs as an interstitial phase within this section. The grains are anhedral and are generally 
around 0.5mm in size. Th is indicates that it is a late mineralising phase from the melt. The grains are 
typ ically free from alteration and major inclusions. The quartz grains are a stable phase in th is section 
and show no interaction with surrounding grains. 
Hornblende occurs as grains in a variety of orientations which are mostly around 0.5mm in size. The 
orientations vary from longitudinal sections to cross sections. The grains are mostly subhedral and 
anhedral. However, there are a few cross sectional grains which border to euhedral in form. Twinn ing 
is well developed and common throughout the section as is the development of cleavage, particularly 
in the cross sectional grains. Hornblende appears to have crystall ised at approximately the same time 
as the feldspars and are relatively stable with their surrounding minerals, which are typically 
clinopyroxene and biotite. 
Clinopyroxene grains are usually subhedral in form and around 0.5mm in size. Thyy are typically 
located with hornblende and biotite grains, and the three tend to form agglomerations. The grains are 
mostly stable however, several areas show the crystall isation of actinolite, at the expense of 
clinopyroxene. This is also accompanied with the formation of opaque minerals and possibly 
secondary hornblende. Clinopyroxene grains are amongst the earl iest minerals to have crystall ised. 
Biotite occurs as a variety of forms in this section . Most are longitudinal sections which display we ll 
formed cleavage. However, the grains size varies greatly from <0.5mm up to rare grains that are 2-
3mm. The grains are well preserved and show no signs of alteration to chlorite or otherwise. They are 
late forming grains and tend to occur in conjunction with the mafic mineral sites. Small opaque 
grains are often located within the grains. Otherwise they are stable with their surrounding grains. 
The most dominant opaques in this section is magnetite. The majority of this is secondary and has 
formed at the expense of the primary mafic mineral (pyroxene and hornblende). This is seen by the 
formation of magnetite along the cleavage planes of the mineral. Often associated with th is growth of 
magnetite is pyrite. Although, the pyrite appears to be a primary mineral with the secondary growth 
of magnetite rimming it. The pyrite grains are generally subhedral and range in size up to 0.1 mm. 
There are rare subhedral grains of magnet ite, indicating that magnetite was also a primary mineral. 
Minute specks of euhedral chalcopyrite exist disseminated throughout the section. Opaques in th is 
section total << I%. 
NH39- Carcoar Granodiorite 
This section displays a somewhat granitic texture and is sourced from an intrusive igneous rock. The 
grains are mostly anhedral and range in size up to 2-3mm, with the feldspars constituting the larger 
grains. There has been a moderate level of alteration, which has been mineral specific. The 
approximate modal mineralogy is:-
Quartz 35% 
Plagioclase 30% 
Kspar 10% 
Hornblende I 0% 
Clinopyroxene 
Biotite 
10% 
5% 
This gives this rock the composition of granodiorite. 
The quartz grains present in this section are late forming and are interstitial. The grains are anhedral 
and generally around 0.5-lmm. The grains are typically free from alteration and major inclusions. 
They are also stable with all minerals that surround them. 
Plagioclase (oligoclase) occur as laths throughout the section. The laths are typically around l- 1.5mm 
in length and are subhedral in form. The grains were formed reasonably early in the crystall isation 
process and are stable with all surrounding minerals. They have been overprinted by fine grained 
illite and opaques, generally more developed in the core of the grains. There is a minor development 
of zonation in the grains whereby the rims of the grains become progressively more sodic-rich as 
compared to the core. 
Kspar grains tend to be larger than the plagioclase grains, and can range up to 2-3mm in size. The 
grains are subhedral to anhedral in places. The grains are not evenly distributed throughout the 
section but rather are more dominant in one area, however, there are no other unusual features of this 
area. The Kspar grains have suffered a greater degree of alteration than the plagioclase. The alteration 
products are sericite and fine grained opaques wh ich have crystallised from the core to the rim. In the 
more altered cases where the Kspar grains are bordered by quartz, the sericite has also overprinted 
the quartz. 
Hornblende occurs intimately with the clinopyroxene grains and is most likely secondary and formed 
at the expense of clinopyroxene. The gra ins that are observed range in size up to 0.5-1 mm and are 
mostly anhedral with a few subhedral grains. They are also located in conjunction with biotite. 
Clinopyroxene grains are generally ragged in appearance and while few grains are observed to have 
only been slightly altered, the majority of them have been quite affected. The grains and altered sites 
are anhedral in form and range up to I mm in size. The most common alteration product seems to be 
hornblende. However, other sites have been completely altered to a fine grained mass of ?actinolitic 
amphibole with minor opaques. Biotite and opaques are often located in the same sites as the 
clinopyroxene and hornblendes. 
Biotite has formed quite late in the crystallisation period . The grains occur as small flakes which 
range in size up to 0.5mm. The flakes show no major signs of alteration to ch lorite or otherwise. 
Many grains show opaque spots in them which may be related to included zircons and the 
radioactivity of them. Biotite is frequently associated with opaques. 
The section has been cut by a very fine tension gash array. The sigmoidal forms are aligned through 
the section and are most likely filled with quartz. This tension gash array has formed well after the 
crystall isation of the rock. 
Reflected light observation revealed on ly minor amounts of opaques, consisting dominantly of pyrite 
and magnetite, with few specks of minute chalcopyrite. The pyrite grains are sub-rounded and range 
in size up to 0.3mm, although they are more commonly smaller than this. The grains appear to be 
primary. Magnetite on the other hand, appears to mostly be secondary and due to the breakdown of 
the mafic minerals. Here it is associated with pyrite and is often fou nd rimming these grains. 
However, minor amounts are primary. Minute specks of subhedral to euhedral chalcopyrite grains 
occur dissemin ated throughout the section. These appear to be primary. In total, the opaques 
constitute < I% of the section. 
NH41 -Mine Dyke Group 
This section has a sub-porphyritic texture developed. Grains varies up to 2mm in size and are 
anhedral to subhedral in form . There has been a moderate amount of alteration which has been 
selective. The approximate modal mineralogy is:-
Quartz 20% 
Plagioclase 20% 
Kspar 30% 
Hornblende 15% 
Clinopyroxene 
Biotite 
10% 
5% 
This gives this rock the composition near the border between syeno-granite and mom:o-granite. 
Quartz occurs as an interstitial mineral as it has formed late in the crystallisation process. The grains 
are generally around 0.5-1 mm in size and anhedral. The grains are typically free from alteration and 
major inclusions and are stable wi th the surrounding minerals. The grains show some minor undulose 
extinction which indicates the presence of small amounts of strain. 
Plagioclase (oligoclase) grains are not distributed evenly throughout the section . There is a noticeable 
lack of plagiocl ase grains in some areas of the section however, there is no other unusual features in 
these areas. Plagioclase occurs as subhedral laths that range up to 3mm in length . The laths are 
characterised by the development of fine grained sericite and opaque alteration. This a lteration 
usually follows the cleavage lamellae through the grains and originates in the cores of the grains and 
develops through to the rim. The grains appears to have formed relatively early in the crystall isation 
process and have stable boundaries with the surrounding grains. 
Kspar occurs as subhedral equant grains that have varying degrees of alteration. The gtrains range in 
size up to 2mm. The alteration that has been experienced by them is that of sericite and fin e grained 
opaques. Some grains have been completely altered. Like the plagioclase, the alteration has 
originated in the core of the grains and has progressed through to the rim . Some of the less altered 
grains show compositional zonation. However, the grain boundaries are stable with the surrounding 
grains. 
Some primary hornblende is present in th is section. These grains range in form from mostly anhedral 
and subhedral to rare euhedral cross sections, however the majority of grains are longitudinal 
sections. Twinning is commonly observed in grains of all orientations. The grains that are anhedral in 
form are most likely to have formed at the expense of clinopyroxene and are therefore secondary. 
The primary hornblende has formed prior tot he crystallisation of the plagioclase and thus the Kspar. 
Clinopyroxene occurs as ragged grains that are approximately lmm in size. The grains are in a 
variety of orientations but mostly longitudinal sections. While some have been altered to hornblende, 
another a lte ration product observed is actinolite. This has attacked the cores of the clinopyroxene 
grains and progresses to the rims of the grains. Clinopyroxene occurs with hornblende and biotite but 
is stable with these and other grains. The grains were formed relatively early in the crystallisation 
process. 
Biotite and phlogopite grains occur scattered throughout the section but are most frequently 
associated with the mafic mineral sites. The flakes of biotite are generally <0.5mm and are anhedral 
to subhedra l in form. The long itudinal sections show almost perfect cleavage. They appear to have 
crystallised at approx imately the same period oftime as the Kspar. The biotite grains are relatively 
unaltered, however, some grains show alteration to chlorite. 
Reflected light observation revealed that the most abundant opaque mineral is sub-rounded pyrite 
grains which appear to be a primary constituent of the rock. These grains vary in s ize up to 0.3mm 
and are typically associated with magnetite. Magnetite occurs as rare primary grains but mostly as 
secondary occurrences due to the breakdown ofthe mafic minerals. In this case, the growth of the 
magnetite occurs along cleavage planes through the pre-existing mineral. Few specks of very small 
chalcopyrite grains were identified disseminated throughout the section. Some questionable grains of 
sphalerite were also observed, in conjunction with mag netite and pyrite. In total, the opaques make 
up < I% of the section and the majority of grains are subhedral and <0.1 mm in size, a lthough a few 
pyrite grains reach up to 0.3mm in size. 
NH43 - Mine Dyke Group 
This section has a very distinct and somewhat unusual texture for the rocks of this area. The obvious 
development of an extensive myrmekitic texture occurs throug hout the majority of the section. This 
texture weakens progressively in one direction and after inspection of the hand sample , the 
myrmekitic texture is most well developed on the edge of a dyke and decreases away from the 
selvage into the centre of the dyke. It appears that the feature has been developed by the overprinting 
of the original mineralogy (mostly Kspar, quartz and minor microcline and plagioclase) by worm-like 
growths of Kspar, as is identified by its c leavage. Where primary mineralogy can be identified away 
from the greatest development of the secondary Kspar, the best determined primary modal 
mineralogy is approximately:-
Piag ioclase I 0% 
Kspar 45% 
Quartz 40% 
Mafic mineral sites <5% 
This equates to a composition of syeno-granite. 
The primary plagioclase (ol igoclase) g rains are moderately altered to illite. Where grains can be 
identified away from the secondary texture, the grains are genera lly 0.5-1 mm in size and are 
subhedral. The grain boundaries between them and other minerals, particularly the Kspar, are stable. 
Primary Kspar occurs as quite large subhedral grains, up to 3mm in size. They commonly display 
perthitic texture, although minor microcline was also identified. The grains are usually highly altered, 
with some g rains being completely altered. The alteration products are fine grained sericite and 
opaques. They are identified from the secondary Kspar by the brown colouration under plane light 
observation and lower birefringence. 
The secondary Kspar is characterised by its slightly higher birefringence (ranging up t-o first order 
yellow) and development of cleavage. It is also colourless in plane light observation. The secondary 
growth crosses all grain boundaries but does not interact with any one mineral or grain boundary. It is 
purely a secondary growth of Kspar. Hand sample inspection reveal this Kspar as the pinkening that 
is observed along the selvage of the dyke. 
Primary quartz is observed as an interstitial mineral, crystallising late and infilling spaces (generally 
around 0.5-1 mm) between the larger feldspars. It is characteristically free from alterahon and major 
inclusions and displays minor undulose extinction. 
A large once mafic mineral site is observed in the section. The site is sub-rounded and 5mm in 
diameter. The primary composition of this site cannot be determined as it has now been completely 
altered to a fine grained mass which appears to be composed of epidote group minerals, ch lorite and 
opaques. There are a few other rare and much smaller sites (around 0.5mm) that once consisted of 
mafic minerals. They are also composed of the alteration products mentioned here. 
Reflected light observations showed rare small specks of opaque minerals. The most common of 
these is magnetite, which in this section secondary and most likely related to the bFeakdown of mafic 
minerals such as pyroxene. These are often associated with chalcopyrite grains which appear to be 
primary. A few specks of pyrite were also identified. The concentration of the opaques minerals is 
greatest within very thin vein lets that cut through the section. One vein let contains small specks of 
chalcopyrite with pyrrhotite, wh ich in minor occurrences branches out from the main vein into the 
surrounding rock. Altogether, the opaques in this section are << I% and their size is <<0.1 mm. 
NH48- Carcoar Granodiorite 
This section has been sourced from an intrusive igneous rock. The section displays a granitic texture 
with the majority of grains being up to 3mm in size, with rare grains larger than this (plagioclase). 
There has been a moderate to high amount of alteration, affecting each mineral differently. The 
approximate modal mineralogy is:-
Quartz 30% 
Plagioclase 25% 
Kspar 25% 
Hornblende 20% 
This places this rock in the field of monzo-granite. 
Due to its late crystallisation from the melt, qumtz is interstitial between earlier formed mineral such 
as feldspars. Such grains range up to 1.5mm in size and can be quite angular. They are typically free 
from alteration and major inclusions and have stable grain boundaries with all other minerals. Minor 
amounts of undulose extinction are displayed but such grains. 
All plagioclase (andesine) show some degree of alteration, from slight to heavy. The grains are 
usually subhedrallath s and tend to be the largest in the section, ranging up to 4mm in length. The 
alteration products are mostly very fine grained illite and opaques, which was observed in some 
grains to form sub-parallel lamellae through the grain. They are amongst the earliest minerals to have 
formed in the section. Grain boundaries with surrounding minerals are often masked by the 
overprinting sericite and opaques, which have affected the Kspar grains as well. 
Kspar grains tend to be the most altered grains in the section and thus are difficult to identify. The 
least altered grains show the deve lopmenl of perthitic structure. The grains range in size up to 2.5mm 
and are subhedral and somewhat equant. The alteration products are sericite and opaques. 
Hornblende occurs throughout the section and the grains are a variety of orientations, however, the 
majority are longitudinal sections. While there are rare subhedral to euhedral cross sectional grains 
(primary), the majority are ragged and anhedral (secondary). The grains range in size up to I mm. The 
more ragged sites are actually secondary hornblende after clinopyroxene. The a lteration has taken 
place from the core to the rim. 
There are a few rare grains of biotite/phlogopite. These grains are <0.5mm in size and occur as flakes 
showing well developed cleavage. Some of these grains show minor alteration to chlorite. 
A search for sulphides found very small specks of chalcopyrite, pyrite and magnetite, which total 
< I% of the section area. Rare subhedral grains of chalcopyrite reach up to 0.2mm however, most of 
the opaque minerals are <0.1 mm. The minerals are evenly distributed throughout the section in a 
disseminated fashion. This implies that they are primary minerals and have not been introduced at a 
later stage. The majority of the opaques are subhedral to euhedral chalcopyrite grains. Next most 
frequent opaque is magnetite. This occurs as both primary and secondary grains throughout the 
section . The secondary grains are related to the alteration of mafic minerals. The magnetite grains 
form along the cleavage planes of these rn inerals. In a few cases, the magnetite has rimmed larger 
primary pyrite grains. The pyrite that is observed is primary and occurs as sub-rounded grains. 
